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CUSTOM 
LEASING PLANS 


AVAILABLE. 


No matter how many reasons we give you to 
buy a Dell system, sometimes it makes more 
sense to lease one instead. Whether you need 
a single computer. ar an entire office full, езе 
is just like 100% financing. So you dort пе up 
working capital. Or credit lines. Of course, there 
can also be rax advantages as well. 

And just as we can custom configure vour 
computers, we can see to it you get à custom 


designed lease plan to fit the exact needs of 
yvur business! 
125 just another example of why over half 
the Formine 500 companies now own or lease 
P Dell systems. 
S4, 099) 
S4 pd And why you may decide that from now on, 
ы.) the only place you'll go co buy a computer 


is the phone on your desk. 


tioned speed, but enough horse- 
power ro do everything from 
CAD/CAM to megaspreadsheets 
to databases the size of the 
Manhattan Yellow Pages. 

It even has the umph to 
work as a network file server. 


OUR SYSTEM 310 
IS FASTER 
THAN A BAT 
OUT OF HELL. 


As much as the System 310 
has to offer, it doesrit even 
begin to reach its full potencial 
until after we've heard 

your input. 

For it's only in this way that 
we're able to custom configure 
every 310 system. To give users 
exactly what they need. No 
more. No less. 

Do you do a lot of spread- 
sheers? There's an optional Intel 
80387 or WEITEK 3167 math 
coprocessor available. 

Storage? You can have a 40 MB 
hard disk drive. Or choose a 100, 
150, or 322 MB hard drive. 


The System 310 comes 
standard with 1 MB of RAM. Want 
more? We can configure up to 8 
MB on the system board. 

Still not enough? We can 
add another 8 MB by installing a 
high-speed mernory expansion 
board. You can even run your 
System 310 as either a MS-DOS? 
MS*O5/2 or UNIX* system. 

| — . — The same holds true for 

If you've been looking ar 3867 the Compaq’ 386/20e. Nor to monitors. You can choose berween 
based computers, you obviously mention the ІВМ PS/2^ Model VGA Monochrome with paper- 
feel the need for speed. 70-121. Leading one reviewer to white screen, VGA Color Plus, or 

Something the Dell System? comment, “It’s fast enough to Super VGA for high resolution 
310 delivers in spades. burn the sand off a desert floor.” colors on a larger screen. 

In fact, the System 310 has For us, however, fast enough The point here is that when 
more speed chan even the most is not enough. By utilizing an you order a System 310, you not 
seasoned 386-users have come Intel* 82385 Cache Memory only get a 386-based system that's 
to expect. Case in point, PC Labs | Controller, page mode RAM and incredibly fast, powerful and 
benchmark rests. The System interleaved memory, the 310 versatile, but incredibly personal 


310 consistently ourperformed nor only delivers the aforemen- as well. 


‘To a sophisticated com- 
puter user, there's nothing 
worse than having го buy 
from a retailer who knows 
little more than you do. 
In fact, in a recent poll, 
92% say they d like to skip 
the middleman and deal 
with che manufacturer. 
Because, after all, 
computer retailers are in che 
retail business first. And in 
the computer business second. 
So expecting expert advice 
on computers is asking a lot. 
Getting after-the-sale service 
isn't always easy either. 

But when you buy from us, you 
never set foot in a Computer store. 
Instead, you deal direct. You 
talk with a computer expert who 

| canoffer sound advice. Some- 
one who can help you configure 
a system that not only meets 
your needs, but meets them for 
up to 3596 less than you'd pay 

a retailer. 


WE COME WHEN 
WE'RE CALLED. 

One of che things that very 
clearly sets Dell systems apart 
from other computers is not just 
how they're sold but how they're 
supported. 

Overkill was one descrip- 
tíon used in a recent PC Week 
article. 

That's because every Dell 
system comes with self-diag- 
nostic software and a toll-free 
technical support line. We solve 
9096 of all problems right over 
the phone. 
| The other 10% receive next- 
| day, deskside service. Thanks 
to our new alliance with Xerox 


Corporation. 

And you get all this help for a 
full year — whenever you need 
it—ar no exta charge^ 

As you've probably guessed 
by now, one of the things that 
drives us most is customer 
satisfaction. 

So wed like to give you the 
ultimate guarantee: Try a System 
310 ín your office for a month. 
Run your toughest applications. 
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ANDYOU 
DON'T HAVE TO 
GO THERE 


Put it through its paces, at your 
pace. If you're not completely 
satisfied, send it back anytime 
within 30 days. And we'll refund 
your money. No questions asked. 
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IN CANADA, CALL A 9857-5753 
IN GERMANY Qe 
IN THE LIK. CALL 0800 414515 


AD CODE КО IIEBM 


How To Support Your Customers 


IN CEA ] 


You can provide software updates, answer tech- 
nical questions, and offer reams of product information 
to anyone with a modem, 24 hours a day, 7 days a week, 
unattended. 

All you need is a PC, XT, AT, or 386-compatible, 
and a Galacticomm multi-user hardware/software 
package. And some phone lines. 


Our multi-user Bulletin Board System software, “== E. аш T P 
called The Major BBS™ supports your customers in "asc Uc CUM Т eut А 
several ways: | =a Г À _— 

• Public Posting Areas . . . . technical dialogue, Our miili-modem PC cards sre available in several 
bulletins, Q&A listings configurations: 2 to 8 modems per card at 2400 baud, or 
e Private E-Mail ......... for one-on-one 2 to 16 modems per card at 1200 baud. These are true 
customer support single-slot cards with the modems built right in — no 


additional serial ports, power supplies, or external 
boxes of any kind are required. 


; ww Ihe Major BBS can support up to 64 users simul- 
* File Upload/Download . . distribute updates, Р.Е. |, seuil wlthéugh met GF exir cuMctam operate 


• Teleconferencing....... online “seminars” and 
real-time interaction 


info, "app notes small 4- to 16-user systems. The C source code is also 
* Questionnaires ........ for market research, available, so that you can modify the system to suit 
order forms, etc. your specific requirements. 


For $59, we'll send you an introductory [Г 
copy of The Major BBS, suitable for 
use with your standard COM1 and/or Г] $59.00 check enclosed 

СОМ2 modems. This is a fully func- [1 $67.30 сор. | 


| Yes! Send me a copy ot . Florida orders add $3.54 tax. Overseas | 
tional version for up to 2 simultaneous l^ [ 1 $65.15 fur credit card: | 


THE MAJOR BBS! orders add U.5. $25 for shipping.) 


users (3 if you count the SysOp). You | су | О vsa Ome D amex s | 
Exp. Cate 


can upgrade later to a fully supported 
4, 8, 16, 32, or 64-user version for only ИБИ ПЕН ИНИНИ | 


$300 per doubling {plus modem hard- m | 
ware of course!). в а 

Galacticomm. Inc. 4101 S.W. 47 Ave. Modem: (305) 583-7808 
Suite 101, Fort Lauderdale, FL 33314 Ma ina de 
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Microsoft profession 


e you 


al ag ah 
vet age. 


d In an industry that evolves practically over- 


HÎ night, it’s tough to stay ahead of the crowd. 
MNT даги need tools that not only give you an 
4 N edge da чо у; but open up endless possibilities. 
ER 0015 tat сап only соте from Microsoft. 
NR Combine n C and Macro Assem- 
М ae and А ve h غ‎ to — pro- 
| "Win ows and 05/2 systems. 
grams МӘНЕ you can do it all in record time 
because our renowned CodeView* Debugger, 
Linker, Microsoft Editor, and MAKE utility work 
| ingeniously and seamlessly € 
' ` together. vims СА! 4 
Ei In other words, you've 
„+ got the leverage of the most 
« inventive and comprehensive 
tools around. 

When you develop un- 
der OS/2 systems, you've got " 
options no one else can touch. лз 
Like multi- And blast- | ape 
ing through the 640K barrier. fam 

In addition, Microsoft EE 
C and Macro Assembler can 7 
accommodate more third $ 

SEITE. 

pro languages. | 
| Maybe thats why the 
Ме popne ap ver n on the market today 
| were eveloped gh the uni - er of our 
C and Assembler: yes 2-9. rfect" 5.0. 
Microsoft Excel. And Aldus* eMaker* 
рок by your y: icrosoft dealer 
soon. start turning out the most airtight, fine- 
tuned code ever to touch a disk. 
all, you've got the leverage. 


Making it all make sense: 
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LO Croin 2000 Minn Ырак. m ب ع‎ н سی‎ ы а ia 
жн trademarks and Мар! all mabe serte 15 а trademark of Microsoft Corporation. 


BYTE 


EDITOR IN CUIRE РИШ ЕНЕШЇЙЛИЙ МСЕ PRESIDENT 
Proderie $. Langa Jı Bur! Totara 
QFERATIUNS а —" — — dea эл3 
Glenn Маги Assucuate ткн; Edt Donna und Publisher's Дева Steven M. vtto AssoCIe Puer, 

9 Vice Prevent af Marketing 
REVIEWS (Hardware, Sattwets, Product Focus) MADRE TINO АНЫ FLANNH 
Michaol *«ladonu Accoento Manama Ernie аплік АШЫП L Бий t Crowne Grower Pus Sara Lyon Adrminisiranve ASSIA 
Seng таттар Eurer, Gafteare, Pichard Qrehan Owes, Pamela Patrakoe-Wileon Mart Communications i 
BYTE Lan, Stephen ApIK гезле tar, BYTE Lat, Manager, Dawn Mathews Pubic iaaea Manager. a 
Stanford Diani Testing Eoo, ATTE Lab, Howard Wo tomor Assara Promotion Menage, Stephania е =з L. бале! Western Regional Sales 
Eglowstsin Testing px. BYTE Lab. Stanley Wazola warnasky Marketing Arr Dreger, Sharah Prise Асос М pm Mirage, 
Tasting Fodor BYTE Lab Art Director, Julia Perron Зетот Market (esearch Antya n Vernon Salee Assigtanr 

Faith KRING COLTS Cocuma, Cynihia Game 

REWE AND TECHNOLOGY What's New, Short Takes) Sands Header Senvece Coordinator, Carol Piman Marketing HEW EMGLAMD 
Nee Yori: Rich Malloy Associste Managing Edi, Andrew Assustart ME, MH, VT, МА, RI, ONTARIO, CANADA & 
Reinhardt Associate News Ector EASTERN CANADA 
Peterborough: D. Barker бето Edler, News and FINANGAL SERVICES Jahn C. Moon anm 2802-1188 
Te ‚ Anne Fischer Lani Senor Eor, New Philip L. Penny Greco of Franee and Sarvices, Kenneth 
нтр o انس تتاب‎ toner PR David A King Болшы Manager, Marilyn Parker, Diane Henry, ATLANTIC 


Andrews Associate News Editor, Martha Hinks Associa 
News Ector 

San Fransisa: Nichotes Baran Gums. Chef Frank Hayas 
News Есе, еу Bertolucct Assocure News Ector 


SPECIAL PROJECTS EDNTOR 
Geng Smad 


ЗЕМИ TECH GAL ZHITORS 
Ken Sheldon Features, Jane Mond Tazelaar irc Deore, 
Tom Thompson At Large, Jon Udell Ar (Carpe 


TECHNICAL EDITORS 
Janel J. Barron, Alan Joch, Robert Michel, Finbart M. 


Ryan, Ben Smith 


SENIOR CONTERBUTING EDI TOR 
Jerry Pournelle 


CONTRIBUTING EDITORS 
Don Crabb, David Fiedler, L. Brett Сівая, Hugh Kanne, 


Mark Minas, Wayne Rash Jr. 


CONSULTING EDITORS 

Jonathan Amparar, Laprence Н Loab, Travor Marshall, 
Stan Miastkowski, Dick Fountain, Phillip Robinson, 
George A Stewart, Mark L. Van Name, Pater Weayner 


COPY EGITORÉ 

Lauren Shekar Chief, Cathy Kingery Copy Actrenestratcr, 
Susan Covell, Је Edmonds, Judy Grnen, Nancy 
Hayes, Margaret A Riohard, Warren мнага 


STHTORIAL ASSISTANTS 
Peggy Dunham Сте Manager, Linda G Ryan. June М 
Sidon, улп Susan Valley 


ART 

Nancy Rice Corecter, Joseph A Gallagher Ахап 
Geector, Lise Mardecchla Асет, Jan Mutter 4531987, 
Alan Ева Téciwwcadi Arh! 


PRODUCTION 

David А. Anderson Orecior, Virginia Reardon 

Senor Edona Prockaction Coornat, Barbara Busanbark 
Edrona Production Coordinator. Denise Chartrand Сона 
Production Coorcnater, Micheal J. Lonaky Edora’ 
Production Coordinator 


TYPOURAPHY 
Sherry Fiske Systems Manage, Donna Sweeney 
Applicapone Manager, Christa Рамно 


ADVERTISINO/PRODUCTION (603) 224-8445 

Lina Wormak Director of Advertiang Services, Linda Flur 

Customer Service Supervisor, Lyda Clark Santor Account 

—— = Christensen, Karen Ciltey, Roxanne 
Rod Halden, Susan Kingsbury Create 

Papi MER: чем Chiu Li Quanity Controt Manager 


JoAnn Walter, Jaime Huber, Agnes Perry 


CIBCULATION 

Dan MeLaughhn Leraar 

Wieki Aasian Agestent Manage, Karen Deeroches 
Getrbuien Cooremaicr, Louies Menepus Back fesuer 


FEFSONMEL 
Palicis Burke Hit. Наара „ене Дети, Baar y 


бова Бесарїкукы 


GUL DING BEAVICES 
Tony Bannett hanger, СІ Monkton, Mark Молкот, 
Gary Graham 


BIX BYTE INFORMATION EXCHANGE 


DIRECTOR 
Stephens M. Laliberte 


EXECUTIVE EDITOR 
George Bond 


MANAGING BOTOA 
Tony Lockwood 


MICROBYTES OAILY 

D. Barker Coordinar, Peterborough, Rich Malloy Mew 
York, Gane Smarte Casus Mesa, Nicholas Baran San 
Francisco, Rick Cook Phoenix, Frank Hayes Sen Franesco. 
Martin Heller Bosion, Jason Levitt Austin, TX, Laurence Н. 
Loeb Wallingford, CT, Brock N. Meeks San Francisco, Stan 
Migstkowski Peterborough, Wayne Rash Jr. Washington, 
DC, Andrew Fisinhardt New tork, Sue Rosenberg 
Washinglon, DC, David Reed Lexngton, KY 


GROUP MOOERATORE 

David Allen Appications, Leroy Castedine Othar, Marc 
Greenfield Languages, Jim Howard 
Graphics, Gary Kendall i аар. Systems, Stave Krenek 
Computers, Brock 


EXCHANGE EDITOR 
Laurence H Loeb Macratn Exchange Соно 


BUSINESS AND MARKETING 
Palrlela Вашаш Secrwary, Danisa A Greene Сирот 
Serece, Bran Wornock Customer Serte, Tammy Burgess 
Customer Credit god img 


TECHNOLOGY 

E d ~ Spedatore p lg ош. ome 
eo pl o ۴ 

Seno Guenees Systems Алаа 


NY, NYC. CT. NJ (NORTH) 
Ki М (112) 512-2045 


EAST 

РА, KY, МЈ (SOUTH), MO, WEVA, 
CE, DC 

Thomas J. Brun (215| 06-3432 


SOUTHEAST 
NC, 8С. GA. FL. AL. TN, VA, MS 
Thomas H, Tolbert (404) 202-0828 


MIDWEST 
IL. MO, KS, IA, ND. 50. ММ. WI, WE, IN, MI, OH 
Kurt Kelley (317) 751-3740 


SOUTHWEST, ROCKY MOUNTAIN 
CO, WY, OK, TX, AR, LÀ 
Кап Heinrich (713) 402-0757 


SOUTH PACIFIC 
SOUTHERN СА, AZ, MM, LAS VEGAS, DT 
Воп Cordok (714) 357-292 
Tom Harvey (213) 440-2245 


MOATH PACIFIC 

Hi, WA, OR, ID, MT, NORTHERN GA, NV {except 
LAS VEGAS), WESTERN CANADA 

EIR hicha {ыы 879-0171 

(410) 342-4600 


INDE GALES 
Liz Coyman reai 
Susan Boyd Admawsmative ASEKAN 


NATIONAL SALES 

Scott Gagnon (801) 0234-4385 
Mary Ann Goulding (ena) 924-928: 
Elan Lister (903) 924-2996 


ETE WTS i253) 
Mark Stone (693) 884-4990 


THE BUYER B MART (1x1) 
Brian Figalins (403) 914-3754 


PIEOIONAL ACVERTISIHG SECTIONS 
Larry Levine (603) 904-4979 
Barry Echavertia (eos) 924-2374 


WYTER POSTCARD DECK MAILINGS: 


irre obe 
Ed arê (803) 824-8185 


COMPUTING FOR DESIGN à CONSTRUCTION 
CONPUTING FOR ENOINEERE 
Dan Harper (603) 24-2508 


INTERNATIONAL ADVERTIMN3 GALES STAFF 
Ses leiing on page 27. 


EDITORIAL AND BUSINESS OFFICE: 


Pounder: Jemes PL Моби (1860-1948). Executes, 


шейн, and advertaing offices Ona 


One Phoenix Mül Lane, Peterborough. NH 03458, (БОЛ 924-9284 

Wast Coan Branch Offices: 424 Battery St Зап Francesca, CA 94111, (435) 054-0718; 3001 Reo HAI Aw., 
бшмд #1, Бит 222, Coss Maga, СА 92606 (714) 557-0292 

New York Branch Editora! Office: 1223 Avenue of the Ameritas New York NY 10620. (212) 512-3125 

BY TEnat: (617) 861.9762 Jy Modem at Æ 1-1 ge T-1-E, 300 or 1200 teud) 

Ефрем Fax; (503) 924-2550 Афгон Farc (603) p24-7507 

SUES CAPTION CUSTOMER SERVICE: Owslga U Б. (609) 426-7070. mate U.S. (000) 252-5 ҮТЕ. 


For а few gubscription—1800] 257-9409 U.S only, or write Io BYTE Subscription Dept , Р.О. Bos S44, 


Higntstown, М.) 68520 
шй Officers of MeGras-HO Inoumabon Services Company Presóant: Walt: D. Sarai. Execute 
ел. Vine Preekimeix Калгым E Carros, Аағоараса ano Defense, іта Herensigia, Compulers 


"ELT M acannon: Ruesall C. Whaa, Construction, Haber P. McGraw, Монтале, Bean Н. Hali 
Legal. Балк Vica Premdan:s-Publhahers L&urenose Altman, Dats Communiegiiane; Ойла J- MeÜrath, 

Engineetig Mewe-Record Senior View Presidenta John W Fink, Finance, Michael J Кони, Human 
Resouces Group Vice Presidents J. Gun Totes. BYTE, Norben Schumacher, Energy/Pracess industries 
Vice Presidents Genge Бөрө. Carculaton, Juka Lanerd, Systeme Pina and Technology, Бавари K 
Alan, Planning and Development, 

Ойгэ ol McGraw-Hit Ine Josaoh t Dionne, Chairman, President, and Chisi Executive Officer. Ronen 
M Landes. Executive “сё Present, Genera! Counsel. end Secretary, Robern J Bahash, Executive View 
fremden: and Chick Financial Мов: Frank D. Panolate, Sano View Preasicant, Treasury Ореғапола 


6 Fall 1989 * BYTE ІВМ Special Edition 


ecttorial, 
Phoeniz Mill Lene, Peterborough, NH 03458, phone (503) 924-0261. Tr تیا‎ 
8:90 АМ—4-%0 РМ, Friday 8:50 АМ 100 РЫ, Eastern Time, Addresas subscriptiona to BYTE Subscriptions. 
P C. Bar 551, Nightetown, NJ OREO. Subsorotions are $29.95 for ona year, $54.96 Tcr two years. amd $74 95 
hor three years in the U.S. and As possessions, in Canada and Maxico, $31.95 for one yaar. $56.95 tor two 
years, 370.06 for threw years. $40 lor one-year air delivery ю Europe. Y28,800 for one-yirr ak dni vay t5 
Japan, V14,400 for one-year куласа delivery lo Japan, EIO purfece delivery віра Ar Ору io 
selected ares ші additional rales upon request. Gingle copy price le 53.50 in the U.B. anc ite poespasions. 
23.96 in Canna, $4.50 in Europe, and #5 elsewhere. Forgign and sabe should be пата in 
U.S. funda drawn on а L.S. Sank. Римар айо six fo eight weeks for delivery of бги шаце. Address edonai 
correspondance kr Ево, BYTE, One Phoenix М Lana, А 
by 


DhotbooDy алу acie herein for the fal Ме oF $17.80 per copy of the aricia or any part thereof. 
Correapondéence avi payment shoud ba sent directly to the COG. 26 Congress SI, Salem, МА 01970. 
Specty (SSN 0366-5280/83, 31.50. Copying dona for other han personat or interval reterences use wit hour 
the pereiicslon of Mocirimae-HIl, Ine , iy prohibited, Requests for special ростат or bulk orders should be 
addressed ta the publisher BYTE la aveligbla in microform hom University Мелом intecnational, 300 
Horth Глеб Ра, Depi. PA, Ann Arbor, М! 40106 or 18 Видое Aow, Oaa. PR, London WO1R 464, England. 


BYTE and BV WE ara requrared raderas of cO rave HII, lec. 


Are you using a DOS-based personal computer for contral- 
ling instrumentation? Do you want the best available soft- 
ware tools for acquiring and analyzing data using standard 
DOS programming languages? if your answer to these 
questions is yes, LabWindows"* is just the solution you're 
looking for. The unique Lab Windows function panel inter- 
face lets you interactively control your instrumentation 
hardware and collecti data, as well as automatically generate 
Microsoft” C or QuickBASIC program code for your appli- 
cation. 


With LabWindows you can control GPIB, RS-232, or VXT 
instruments, or plug-in data acquisition cards for PS/2 and 
PC-AT computers. For standalone instrument users, the 
LabWindows instrument library has over 50 ready-ta-use 
instrument drivers so you can program your instrument 
using intuitive instrument-specific function panels, without 
knowing the instrument inside-out. 


Because acquiring data is only one element of your applica- 
tion, LabWindows has a complete set of QuickB ASIC and C 
compatible libraries for data analysis, presentation, and 
storage, Manipulate arrays, create a histogram, or use the 
optional Advanced Analysis Library to perform operations 
such as Fast Fourier Transforms, digital filtering, and curve 
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fitting. Give your programs a big performance boost using the 
specially optimized LabWindows analysis routines for comput- 
ers with an 80387 numeric coprocessor. For your data presen- 
lation and storage needs, use the LabWindows Graphics Library 
Io create multiplot graphs, bar charts, or scatter plots, and use the 
Data Formatting Library for data logging and file operations. 


If you're looking for the right tools to take maximum advantage 
of your DOS computer using QuickBASIC or C for data acqui- 
sition and analysis, there is only one solution...LabWindows. 
Call National Instruments at (800) IEEE-488 to speak with a 
sales or applications engineer about how LabWindows can help 


you. 
Ask for a FREE Catalog 
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New 80486-based 
systems from Cheetah 
and ALR prove that 
high-performance 
hardware doesn't have 
to cost a fortune 


everal months ago, Î crossed my 

fingers for luck and wrote, “Ме 

may sce the 80486 market split in 

two radically different direc- 
tions: killer systems with killer prices for 
departmental computing needs, and rela- 
tively inexpensive fast systems for per- 
sonal desktop use." 

In this industry, one of the safest 
things that you сап do is to predict high 
prices, But fortunately for me (I don’t 
like the taste of crow), Cheetah and ALR 
delivered on the low-price prediction. 
Their machines could trigger a major ге- 
shuffling of prices across all Intel-archi- 
tecture machines. 

Cheetah's new 25-MHz 80486 tower 
system is based on the motherboard it 
showed last spring (see the June and Au- 
gust editorials). The entry-level version 
of the new system comes with 4 mega- 
bytes of RAM, a 60-mepabyte hard disk 
drive, a VGA controller, a monochrome 
VGA monitor, and a 1.2-megabyte 514 - 
inch floppy disk drive. For this, you pay 
just $4995, 

ALR's PowerFlex is based on its at- 
tractive $1495 12-MHz 80286 system 
that comes standard with a 40-megabyte 
hard disk drive and | megabyte of RAM. 
With the addition of a $2995 plug-in 
module, it becomes a $4500 80486- 
based system, albeit one with a 16-bit 
data bus; sort of an 804865X. 


Stunning Price and Performance 
[n absolute terms, $4500 or $5000 is stil! 
a fair chunk of change, But in terms of 
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relative pricing, or better still, price/ 
performance, these systems represent a 
stunning advance. 

Maybe "stunning" sounds like hyper- 
bole. After all, there are no "real" 
80486 machines yet: Every system we've 
seen so far is built around a prototype 
motherboard carrying a prototype ("А” 
Step) CPU chip. 

But from the early benchmarks, we're 
confident that the production-model 
Cheetah 80486 systems will outpace 
many, and maybe ail, of the current crop 
of 33-MHz 80386-based systems. For 
example, the Everex Step 386/33—a very 
nice machine—turns in CPU, FPU, and 
video benchmark indexes of 6.84, 15.48, 
and 4.26, respectively (where an 8-MHz 
AT equals 1) The preproduction 25- 
MHz Cheetah already yields 6.52, 
21.49, and 5.57, respectively. 

At its introductory price, ihe Chee- 
tah's cost 15 only about half that of the 
pext-least-expensive S0486-based box. 
l'd call that "stunning." 

The ALR system, with its AT-bus bot- 
tleneck, isn't nearly as fast as the Chee- 
tah, or any 80486 with a full-width data 
path: its preliminary CPU, FPU, and 
video benchmark indexes are 4.18, 
21.85, and 3.80, respectively. 

But the ALR system also isn't nearly 
as costly as most other 80486-based sys- 
tems: The ALR system is simply the 
world's least-expensive 80486, period. 
For some non-I/O-intensive software, we 
expect that the PowerFlex 486 will easily 
keep up with machines costing two and 
even three times as much. "Stunning?" 
You bet. 


EISA on the Way 

BYTE's November issue wiil have a 
complete First Impression and prelimi- 
nary benchmarks of the Cheetah and 
ALR 80486 systems. 

We're also planning coverage of three 
other 80486-based machines, including 
what will be the first announced EISA- 
bus machine. (Yes, a brand-new bus and 


YOUR BUCKS 


a brand-new chip in the same machine.) 
The story is currently under a strict em- 
bargo, so we can't release the name of 
the manufacturer yet; but ГИ bet that you 
wil! be surprised when you see just who 
it is. 

In any case, the appearance of a rela- 
tive "low end" in 80486 machines is a 
welcome development. Cheetah and 
ALR have done us all a favor. 

For one thing, the aggressive prices 
announced by Cheetah and ALR place 
immediate pressure on the high-priced 
80486 vendors, To justify the extra 
costs, 80486 vendors will have to be sure 
they've added meaningful extra value 
beyond the pizzazz of simply having an 
80486 chip inside. 

Aggressive low pricing may even ad- 
vance the date when 80486 price wars 
break out. 


Big Ripples 

And tbe ripple effects wil] be profound. 
Consider that an 80486 chip, with its on- 
board FPU and cache, outperforms and 
currently costs less than a 33-MHz 
80386 with separate FPU and cache 
chips. Very simply, for the 80386 chip to 
survive, 80386 machines will have to 
drop to a price point well below that of 
similarly equipped 80486 systems. With 
Cheetah and ALK already drawing the 
lower boundaries of 80486 pricing, ven- 
dors of fast 80386 systems now have a 
Clear target to beat. 

There will always bc a place for de- 
partmental "killer" systems that only a 
corporate budget can afford. Hut these 
first low-cost 80486 machines may heip 
lower all 80x86 system prices back down 
toward the range where personal comput- 
ing can become personally affordable 
again. 

Systems like these two from Cheetah 
and ALR may be just what the doctor 
ordered. 

— Fred Langa 
Editor in Chief 
(BIY name “flanga”) 


INSTANT MAINFRAME. JUST ADD SCO. 


Ne too long ago, a few dozen people sharing the same pro- 
grams, resources, and information on a single computer at 
the same time meant only one thing—a mainframe. 

Powerful, big, expensive, and proprietary. 

More recently, the same people could be found doing exactly the 
same things—simultaneously sharing programs, resources, and 
information—on a minicomputer. 

A lot cheaper, a lot smaller, yet powerful enough to do the same 
jobs. And just as proprietary. 


hen along came the latest generation of personal computers. 
And now, the same people are more and more likely to be 

found doing exactly the same things —simultaneously sharing 
programs, resources, and information—on a PC. 
And not a whole officeful of PCs networked together, either, but 
а single PC powering tbe whole office al once. 
А fof cheaper, а jot smaller, yet still easily powerful enough to do 
the same jobs. Built to non-proprietary, open system standards 
that allow complete freedom of choice in hardware and software. 
And running the industry-choice multiuser, multitasking UNIX* 
System V platform that gives millions of 286- and 386-based PC 
users mainframe power every business day. 
The UNIX System standard for PCs—SCO" 


oday, SCO UNIX System solutions are installed on more than 
one in ten of al] leading 386 computers in operation worldwide. 

Running thousands of off-the-shelf XENIX* and UNIX System-based 
applications on powerful standard business systems supporting 32 
or even more workstations— at an unbelievably low cost per user. 
And with such blazing performance that individual users believe 
they have the whole system to themselves. 
Running electronic mail across the office— or around the world — 
In seconds. 
Running multiuser PC communications to minis and mainframes 
through TCP/IP and SNA networks. 


nd doing some things that no mainframe—or even DOS- or 

OS/27-based PC—ever thought about, such as running multiple 
DOS applications. Or networking DOS, 05/2, XENIX and UNIX 
Systems together. Or running UNIX System versions and workalikes 
of popular DOS applications such as Microsofi* Word, 1-2-5*, and 
dBASE Ш PLUS 
Or even letting users integrate full-featured multiuser productivity 
packages of their choice under a standard, friendly menu interface. 
Today's personal computer isn’t just a "PC" anymore, and you can 
unleash its incredible mainframe-plus power for yourself — today. 
Just add SCO. 
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People have their own quirky of truly portable PCs anywhere. of each of our individual users. 
ways of doing things. Some think And a line of printers that Because the fact is, at Toshiba, 
fast. Some slow. Some are deliber- includes everything from a high we have an incredibly diverse and 
ate. Some intuitive. Some work volume laser to a four-pound, letter- sophisticated customer base. 
from 9 to 5. Others never stop. quality, battery-operated portable. And from what we've been able 

That's precisely why we offer All of which can be easily to determine they have only one 


so many different products. networked. But all of which are de- thing in common. 
Including the widest range signed to meet the specific needs They're all different. 
In Touch with Tomorrow 
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BYTE editors 


check out 15 of the world’s 
fastest PCs 


or the last couple of months, BYTE has received 
a Steady stream of press releases touting the vir- 
Е tues of the latest "world's fastest PC." Since 
Intel began shipping its 33-MHz version of the 
80386 CPU, PC makers have hustled to get it 
into their systems in the hope that a magazine like BYTE will 
award them that title. We would like to oblige, but the task is 
more complicated than it first appears. 

BYTE received 14 33-MHz PCs and the new Unix-based 
Altos 80386 system (see the text box “Altos 386 Series 1000: 
For Unix Only" on page 30). We benchmarked them all. We 
can tel] you which one had the fastest CPU (the Everex Step 
386/33) and which one had the best overall application index 
(the SIA 386/33). But when you run applications that are not 
CPU-intensive or change the system configuration, those rank- 
ings become less meaningful. 

A fast CPU will always be a fast CPU, but it won't make your 
hard disk drive access data any faster. For a better application 
index score, all you have to do is install a good disk-caching 
controller with lots of memory—expensive, but the results are 
impressive. 

The “world’s fastest PC” is the one that lets you finish your 
work in the least amount of time. Since this is what the BYTE 
application index measures, the SIA 386/33 has the most right 
to the claim. But then, no other PC in this group had a 4.5- 
megabyte hard disk cache, which dramatically improves per- 
formance for disk-intensive applications. When reading the de- 
scriptions of each machine, remember that every PC here, even 
the SIA 386/33, could have received better application index 
scores by using faster UO interfaces, increasing the size and 
speed of the CPU and disk caches, or using faster hard disk 
drives. It's just a matter of how much money you wartt to spend. 


Speaking of Money 

We have compiled several tables so you can more easily com- 
pare thc systerns. Tables 1 and 2 list the features of each sys- 
tem's base model. The configuration and model designations 


for the units we received may vary from the entries in the 
tables. Some systems start at a very low price but offer little 
more than a keyboard, a case, a motherboard and memory, and 
a floppy disk drive. Two, the Dyna Cache 386 and the Tangent 
333, don't have standard models at all; the companies custorn- 
configure each unit to the buyer's specifications. 

Higher-priced units offer more in the way of hardware, and 
they often carry a well-known brand name. You pay a premium 
for a computer from a company with an established reputation 
that can presumably provide greater system reliability and bet- 
ter customer support. But buying from a lesser-known com- 
pany can save you several thousand dollars—an important fac- 
tor for those with a limited budget, 

Keep in mind, too, that the prices we give in this roundup are 
the manufacturers’ retail prices. Retailers, value-added resell- 
ers (VARs), and mail-order houses may have lower prices. 

We've omitted some obvious categories from tables | and 2 
because all vendors offer the same type of feature. For in- 
stance, ali systems come with a 1.2-megabyte 45-inch floppy 
disk drive standard (а few will swap it for a 1.44-megabyte 34- 
inch floppy disk drive if you wish), and all systems accept 
either an Intel 80387 or a Weitek 3157 math coprocessor. Each 
system allows you to change the CPU speed setting, and all the 
systems will run OS/2 or a variety oi Unix given sufficient 
RAM and hard disk capacity. 

Table 3 and figure 1 give the BYTE benchmark indexes. 
When looking at the rankings, it's important to maintain per- 
spective. Even the slowest 33-MHz PC is over 20 times faster 
than an IBM PC AT on the application index. in fact, it's about 
20 percent faster than the fastest machine that IBM currently 
offers. Speed is wonderful, but other factors, such as expand- 
ability, construction quality, and price, are just as important. 


Wonderful, Yes; But Who Needs It? 

Buying a barn-burning 33-MHz PC for everyday office grunt 

work is silly; relatively simple tasks such as word processing 
coined 
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Table 1: Main system features, price, and warranty. Price variations are due mainly to differences in what's offered 
in the standard configuration. Note that most vendors use third-party motherboards; variations in performance among 
systems using the same motherboard are possible by using faster 1/0 controilers and devices, larger and faster caches, 
and faster memory. 


Computer 


ALR FlaxCacne 33/386 Model 150 
AST Premium 386/33 Model 115V 
Blackship 386/33 

Compaq Deskpro 386/33 Model 84 $10,499 
Dyna Cache 3B6! 

Everex Step 386/33 

FiveStar 3B6 Model 333 

Matrix MOP 386-33 

Micro Express ME 386-33 

National MicroSystems Flash 386-33 
PC Link 386/33 Model 150 


SIA 385/33 


Price Motherboard 


$9990 
$8495 
$4195 


$9993 
$7599 
$3395 
$5585 
$5895 
$4999 
$5995 
$6490 


maker 


ALR 
AST 
Microncs 
Сетрад 
АМІ 
Everex 
Micronics 
Micronics 
AMI 
Micronics 
Hauppauge 
AMI/SIA? 


2Mb 
2 Mb 
1 Mb 
2 Mb 
4 Mb 
4 Mb 
1 Mb 
4 Mb 
4 Mb 
4 Mb 
4 Mb 
4 Mb 


RAM 


time 


60 ns 
80 ns 
80 ns 
ВО ns 
7O na 
100 ns 
BÓ ns 
80 ns 
70 ns 
BD ns 
80 ns 
70 ns 


Standard Access Max. 
memory 


RAM 


16 Mb 
36 Mb 
16 Mb 
16 Mb 
16 Mb 
16 Mb 
18 Mb 
16 Mb 
16 Mb 
16 Mb 
64 Mb 
16 Mb 


RAM cache 


128K; 25 ns 
32K; 25 ns 
32K; 25 ns 
БАК; 25 ns 
64K; 20 ns 
64K; 20 ns 
32K: 25 ns 
32K; 25 ns 
64K: 20 ns 
64K; 25 ns 
64K; 20 ns 
64K; 20 ns 


ROM Power Warranty 


BIOS 


Phoenix 
AST 
Phoerux 
Сотрад 
AMI 
Phoenix 
Award 
Phoenix 
AMI 
Phoenix 
Award 
AMI 


supply 


200 W 
e20 W 
220 W 
300 W 
275 W 
200 W 
200 W 
275W 


1 year 
1 year 
1 yaar 
1 year 
1 year 
1 year 
1 year 
1 year 


220 W 15 months 


200 W 
220 W 
350 W 


f year 
1 year 
1 year 


AMI 
zenith 


25D W 
200 W 


1 year 
1 year 


4Mb 
2 Mb 


Bons 32МЬ 
80100 ns 64 Mb 


128K; 25 ns 
16K; 15 ns 


$6995 
$11,499 


Mylex 
Zenith 


Tangent 333! 
Zenith 2-386/33 Model 150 


! No standard model; systems aro Built to customer s 


&pecficanons Configuration shown repeegenis system send ID BYTE. 
3 AMI Custornazus t$ 33-M Hz motherboard lor faster memory fo SIA' арсар 


Table 2: Standard storage, video, ГО, and expansion features, plus bundled software and FCC ratings. Hard disk storage 
and controller type vary considerably, although in virtually all cases it is possible either to specify the drive and controller 
type of your choice or to buy a stripped system and install your own. When considering expansion slots, keep in mind that 
on most systems at least one slot is occupied by a video, memory, CPU, or controller card. Systems that integrate these 
functions onto the motherboard may have fewer slots, but the same or greater expansion capability. Most vendors sell the 
operating system at extra cost, often offering a choice of MS-DOS or OS/2, An FCC rating of A means that the machine 

is certified for use only in business environments; B is certification for home or residential use. 


Computer Hard disk drive Case 
$ 
Controller Hard disk Access Capacity Hardware Max. # че 
type maker time cache? beye 

ALA FlexCache 33/386 Model 150 ESDI Maxtor or COC 17 ms 150 Mb No 5 f 
AST Premium 386/33 Model 115V AT Imprimis 16 ms 110 Mb Yes 5 D 
Blackship 386/33 AT Seagate 28 ms 40 Mb No 5 D 
Compaq Deskpro 386/33 Modal B4 AT Conner 25 ms B4 Mh No 5 D 
Dyna Cache 3864 ESD) Micrapoks 18 ms 147 Mb Ме 8 Т 
Everex Step 386/33 AT Option — — No S D 
| FiveStar 386 Model 333 Option Option — — Option 5 D 
Matrix МОР 386-33 АТ Option -- == No 55 T 
Micro Express ME 386-33 ESDI Option = — Yes 5 D 
National MicroSystems Flash 386-33 ESDI Option -— = Yes 5 D 
PC Link 386/33 Mode! 160 ESD) Micropolis 17 ms 159 Mb No 5 D 
SIA 385/33 Option Option — = Option 10 T 
Tangent 3334 ESDI CDC 18 ms 100 Mb NO 10 T 
Zenith Z-385/33 Model 150 ESDI MiniScribe 18 ms 150 Mb No 4 D 


"П-у ар, T»iouer. 

2 ae MS-DOS 3,3; be MS-DOS 4 хх; cx буво baup software; dechek-caching liy, e=sysiam Lise, ta Ыт О Wina 
3 Game pork 

* No папаша model, systema are БАЛА lo customer's specications. Configuration shown represents ayhan seni to BYTE 

* Two bays accept ordy 34-inch devices, 
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perform only slightly faster at 33 MHz than they do at 12 MHz. 
Place а 33-MHz machine in front of an engineer, financial ana- 
lyst, or software developer, though, and you've made a friend. 
Fill a 33-MHz PC with в few hundred megabytes of hard disk 
storage and the right networking hardware, and you have a 
powerful file server for a LAN or multiuser environment. 
Combine a 33-MHz machine with a laser printer and imaging 
hardware, end you get a fast workstation suitable for desktop 
publishing. 

With a 33-MHz PC, you can expect to shave 20 percent to 30 
percent off the CPU processing time of a 25-MHz PC. The 
longer your application takes to process, the greater the benefit. 
Switching to a faster processor might save you seconds, min- 
utes, or even hours. For some tasks, even the most expensive 
33-MHz PC could pay for itself in the time it saves. 


ALR FlexCache 33/386 


Advanced Logic Research’s 33-MHz entry sports a unique 
tower design. Remove the side panel and you see a large swing- 
arm on which the hard disk drive is mounted. The advantage is 
twofold: The arm's full-height hinge and an accompanying 
brace on the other side add much-needed rigidity to the ALR's 
otherwise flimsy case, and swinging out the hard disk drive 
provides easy access to the rest of the FlexCache 33/386's 
internals. 

The brace, however, is a pain to reinstall. Although held in 


continued 
Video Expansion slots 
Graphics Monitor 

board 8-bit 16-bit 32-bit 
16-bit VGA Option 1 T 0 
16-bit МСА Option 1 3 К 
Monochrome Monochrome 2 5 1 
VGA Option 1 5 1 
16-bit VGA VGA 1 6 1 
Option Option 2 Б б 
Option Option 2 5 1 
Option Option 2 5 1 
Option Option 1 6 1 
Option Option 2 5 1 
16-bit VGA Option 1 & 1 
Option Option 1 Б 1 
16-bit VGA YGA 1 4 2 
МСА Option D 3 4 


Parallel 


- د‎ A س‎ s 


gt 
таза Te EET 


Porte Software FCC 


Serial Mouse 


1 0 а.с. А 
2 0 agde B 
2 03 се B 
2 1 d.e B 
1 03 е А 
1 0 a,c.d.e B 
2 a — A 
2 Û3 g А 
2 D ae B 
2 D e B 
1 Ü a Or b.c, A 
1 0 се А 
2 g3 a A 
2 0 a.e.d,f B 
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Introducing a PS/2 joystick adapter 
as reliable as a Sidewinder 
at pointblank range. 


The GPA-1000™ from 
Qua Tech. It supports the | 
IBM® Micro Channe!™ for PS/ тм ` 
Models 50, 60, 70, and 80. And it's ~ 
compatible with the IBM Game Control 
™ for the РС-ХТ and AT® 

The GPA-1000 handles two joysticks 
or Four paddles. 

Also for the PS/2 Micro Channel from 
Qua Tech: the SP -1000 Parallel Port Adapter | 
and the SP-1050 Serial / Parallel Port Adapter. Both fies „=й 
address and interrupt options. 

And (ће 05-1000 Dual Serial Adapter. For users who are looking 
for lerminal communication flexibility. 

Take aim at the PS/2 market, with Qua Tech. 


For order info, call: 
1-800-553-1170 


JEU Micro Chanmet P2 PC-XT. АТ, and Game Control Adapter are 
Lracemarks or те г trade muta of 16M Сотригайын› 
CANA Hg Lege mari of Qui Tech. Ihe 


HARD DRIVE 
REPAIR 


We will repair your hard drive at a 


fraction of the cost of replacing it. Fast 
turn-around. 


* Specializing in recovering your 
lost data. 
e Sell new and rebuilt drives, 
low prices! 
* Purchase used, excess, and 
defective drives. 
Call for details!!! 


H&W micro, inc. 
528-C Forest Parkway 
Forest Park, GÀ 30050 
404-366-1600 


We bring Éligh-Techpolog 
Down Earth ni 
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Table 3: (a) The BYTE low-level benchmark indexes, 
sorted from highest to lowest CPU rating. Of these 
numbers, the disk I/O index had the greatest influence 


on the cumulative application indexes. 

Computer CPU FPU Oiskl/O Video 
Everex Step 386/33 684 1548 245 4.26 
ALR FlexCache 33/386 6.74 15.66 2.60 2.83 
SA 386/33 6.27 1497 B99 3.27 
Compaq Deskpro 386/33 609 1550 290 4.53 
National MicroSystems 6.06 1507 648 201 

Flash 386-33 

Blackship 386/33 6.03 1371 237 361 
Mainx MDP 386-33 5.75 1507 183 573 
FiveStar 386 Model 333 5.74 1575 7414 2.22 
Jangent 333 S.73 1483 2.28 1.79 
Oyna Cache 386 5.67 1486 256 385 
Micro Express ME 386-33 566 15.06 7.02 2.97 
PC Link 386/33 Moda 160 5.10 1487 2.89 2.11 
AST Praemium 386/33 480 1421 232 3.89 
Zenith Z-386/33 4.79 15.10 286 505 


place by only two screws, the housings for the mass storage de- 
vices fit into notches on the brace's backside. The edges of 
those housings are fitted with plastic strips that immediately 
fall off when you remove the brace. Replacing them can get te- 
dious if you frequently tinker inside the machine. 

But this is a minor annoyance, especially in light of the Flex- 
Cache 33/386's superb performance in the BYTE benchmark 
tests. With a 6.74 CPU index, it is the second-fastest PC we've 
ever tested, CPU-wise, after the Everex Step 386/33. Its cumu- 
lative application index of 24.02 is a respectable one, especially 
considering that it doesn't have a hardware disk cache. ALR has 
historically taken performance seriously, and the FlexCache 
33/386 certainly reflects that attitude. 

ALR designed most of the electronics inside the FlexCache 
33/386, the only exceptions being the ESDI disk controller 
(Adaptec or Western Digital), the 200-watt power supply, and 
the drives themselves. The motherboard was free of engincer- 
ing wire changes. 

The ALR FlexCache, in its base configuration, comes with a 
150-megabyte 17-millisecond Maxtor or Control Data hard 
disk drive, a 1.2-megabyte 5# -inch floppy disk drive, an ALR 
16-bit VGA card, 2 megabytes of 60-nanosecond RAM (ex- 
pandable to 16 megabytes), 128K bytes of 25-ns cache RAM, 
room for another four half-height storage devices, and М5- 
DOS 3.3. The base unit price is $9990. 

The unit has eight expansion slots: one 8-bit and seven 16-bit. 
Three slots are taken by the hard disk drive controller, a seríal/ 
paralle] port card, and the УСА card. Memory goes on the 
motherboard in single in-line memory module (SIMM) slots for 
up to 16 megabytes. 

The unit BYTE received had a 380-megabyte Maxtor drive, 
an Adaptec ESDI controller, 4 megabytes of RAM, an ALR 
VGA II monitor, and a 33-MHz 80387 math coprocessor. This 
configuration costs $14,587. 

If you need a fast computer, the ALR FlexCache 33/386 is 
worth your consideration. —Michael E. Nadeau 

continued 
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(b) The BYTE cumulative application indexes, sorted from highest to lowest. These numbers give an idea of wha kind of 
performance for a given application you can expect in comparison to an ІВМ PC AT. The rankings are quite different from 
the low-level results, which measure performance at the system level. 


Word Spreadsheet Database Sclentific/ Compilers — Cumulative* 

Computer processing engineering 

SIA 386/33 5.49 4.32 8.09 7.42 7.32 32.64 
Micro Express ME 386-33 4.76 4.32 5.83 7.12 5.55 27.58 
National MicroSystems 5,08 4.35 5.77 6.00 5.37 26.58 

Flash 386-33 Р 

FiveSlar 386 Model 333 4.82 4.31 5.91 5.90 5.53 26.47 
Compaq Deskpro 386/33 4.28 5.01 3.00 7.86 4,46 24.61 
Dyna Cache 386 5.02 427 2.91 7.51 4.42 24.13 
ALR FlexCache 33/386 4.61 4.50 2.88 7.18 4.86 24.02 
Blackship 386/33 4.69 4.45 2.89 7.30 4.44 23.77 
AST Premium 386/33 4.11 4.22 3.01 7.238 4.11 22.69 
Everex Step 386/33 4.43 3.93 1.96 8.05 4.25 22.62 
PC Link 386/33 Model 160 5.03 4.43 2.68 5,51 4.36 22.01 
Tangent 333 4,57 4.45 2.45 5.43 4.27 21.17 
Zenith 2-386/33 3.91 3.97 1.87 6.59 3.85 20.18 
Matrix MDP 386-33 3.95 3.90 1.74 7.09 3.43 20.11 


* Comulatrea application index based on indexes gr ки 


BYTE BENCHMARK RESULTS 


Low-level Application-level 


= ЕЕ Li] [ | | 4 
T TU Micro Express ME 386-33 | | | | | | 27.58 
a" ans Flash 386-33 TTT | [| 2558 
| LB] Fresa Model 3D [|| | | | 254? 

[[ f Compaq Deskpro 386/33 | || | | 246! 

Dyna Cache 386 SÎ LÎ 24.13 
ALR FlexCache 33/386 | | || | | 2402 
Blackship 386/33 [|| | |2з7? 
AST Premium 386/33 [||| | | 22.69 
Everex Step 386/33 | | ||. | | 22.62 


PC Link 386/33 [|| | | 22.01 


Tangent 333 ШЕ Ly 2147 Ej Word processing 


Б CPU ee Zenith Z-386/3 ТЇ TI 20.19 Û Spreadsheet 
F] FPU | | - з Euh [ Database 


Disk VO ET)  matrxmoP 386-33 (ВЕ Д 2011 О Scientific/engineering 
Viden | Û Compilers 


Figure 1: The systems that used the Distributed Processing Technology disk-caching controller took the top four spots on our 
cumulative application indexes, followed by the Compaq Deskpro. Installing a hardware disk cache in any of the other 33-MHz 
PCs would dramatically increase their scores, although expensively and sacrificing some hard disk capacity. 
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e SPECIAL? 
IBU 28/2 MODEL 59-021 


FEATURES: 1MB RAM, 80286 BASED 
PROCESSOR, 10MHZ, (1) 1.44MB 3.5" 
FLOPPY, 20MB FIXED DISK, VGA 
ADAPTER, PS/2 101 KEY K/B, 
PARALLEL & SERIAL PORT, CABLES 
& MANUALS , 100% IBM PRODUCT 
-RENN TUNGE 


ME Bnet л DU NU IN 

| c 0 P 5 29 ў ik ^ E A 1, : ў 
Ш UN б V ys he pe abe $n 

TX xs 


i . Bm a n 2 e 
Eq soa SOAM S ENDO REEDS BEE а 


INCL. 90 DAY DEPOT WARRANTY . 
JUST LIKE NEW UNITS! 


FREE NEW AMDEK MODEL 432 VGA 
MONITOR INCL. WITH EVERY UNIT 
$245.00 VALUE AT NO CHARGE! 


EXSEL, ING. 


VISA 1-800-624-2001 MC 
716-272-8770 | FAX 716-272-8624 


NOW, with S.L. Plus you will never he caught in the 
COLD again. S.I. Plus converts units from one system 
to another (Celsius to Fahrenheit, Miles to Kilometers, 
etc.) on any JBM Personal Computer or compatible. Over 
70,000 different conversions can be performed in 80 
classes of units. 8.1. Plus can be run as a separate 
gram or from within most other programs. The tables 
within S.I. Plus can be customized so you only see the 
conversions you need. 


S.I. Plus is ONLY $79.00. 


ANYONE with a PC and the need to CONVERT 
units should CALL GEOCOMP at (800) 822-2669 
for more information and a FREE DEMO DISK. 


{2 GEOCOMP Corporation 
66 Commonwealth Avenue, Concord, MA 01742 


aes 
ЧОД (508) 369-8304 


18 — Faill980 * BYTE 


Cirele iM on Reader Service Card 


MEGAHERTZ MADNESS 


AST Premium 386/33 


With "Premium" as its middle name, AST's 33-MHz entry has 
an image to live up to. The AST Premium 386/33 does this 
nicely with its clean, integrated design, solid construction, and 
proven components. An $8495 base price further enhances its 
high-quality image 

Its performance, however, is about average compared to the 
Other machines tested here. AST includes a disk-caching utility 
that dramatically improves disk performance, though at the 
cost of extended RAM. I allocated the maximum | megabyte of 
RAM to the disk cache, which improved the BYTE disk I/O 
index score nearly sixfold. A 16K-byte RAM track buffer is 
standard. 

The AST-designed motherboard integrates items usually 
found on separate cards: a parallel port and two serial ports, 
and the AT-style floppy and hard disk drive controllers. The 
system's 32K-byte RAM cache is also integrated into four logic 
chips, including rnemory. The AST 386/33 has seven slots in- 
stead of the usual eight. Two of those slots arc taken by the 
optional AST VGA card and the CPU card. The five remaining 
slots should meet most users’ needs, considering the devices 
that are integrated on the motherboard. The unit comes with 
setup software that allows you to disable these devices should 
you want to install your own. 

Only Zenith offers more 32-bit expansion slots than AST 
(four versus three). Both machines allow for placing AT-type 
cards or proprietary 32-bit memory cards in those slots. 

The CPU card contains the CPU, FPU, up to 4 megabytes of 
80-ns SIMM RAM, and the 80325 cache controller. Additjonal 
memory, up to a total of 36 megabytes, requires proprietary 
memory cards from AST. Conceivably, this design could per- 
mit easy upgrading should, heaven help us, a faster CPU be- 
come available, The rugged metal case is about 1% inches nar- 
rower than those of most other desktop 33-MHz PCs we tested, 
thanks to the space-efficient integrated motherboard. 


continued 


Until now there was only one way 
Assembl 


While C and Assembler give you power 
to burn, switching back and forth t them 
can leave your brain feeling a little fried. 

= that stopping. And E And con- 

your steps. 

Well, relax. Now there’ s Microsoft 
QuickAssembler. Available with our clever 
QuickC"Compiler in one location: the first inte- 
grated environment for C and Assembler. 

For the first time, you can save time with 
an c e Ae i editor, compiler, assembler and 

er that let you create C programs, mixed 
09 and Assembler programs, ог Assembler pro- 
grams that stand alone. 

To make sure you feel at home in your 
new environment, we've designed Microsoft 
Quick Advisor, a hypertext electronic manual 
that coaches, coaxes and guides you on screen. 


ouaccessto information 
and MS-DOS" calls. And it 


Quick Advisor 
on Ге ВІ = 
even lets you cut an a" 
SO you ca mains boi Can | 
Assembler subroutines vat | | 


of your routine in no time. 
For more details on 
the incredible integrated [== |, 
power of QuickAssembler fe Эм 
and QuickC Compiler, call == 


Compiler version 20 dads y, we'll tell 
ckAssembler quick. 
hes у» p cmt e 


Making it all make sense: 


Cursterners inside the 50 Unitert States, call (300) 426-9400. In Canada. call (41526737638. Outside the LES. and Canada call (206) 52-8661. © Copyright 1980 Міста Corporation, All reserved. Microsoft. Une 
registered trademarks 9i Microsoft Corporation. En 


Microsoft logo, MS-DOS and QusekC are and Making i АЙ make sense 


isa trademark of 
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Nine 
Track 
Tape... 


One 


| Track 
Mind. 


If you can't gel your mind off 5 
Truck Tape... ibere's good reason. 


It's still the number one choice In 
the entire world for exchanging 
information between computer 


systems. 


Using a 9 Track-Tape drive, you literally 


tum your PC into a mainframe. 


Mas? шїнїп? 
confroller cards 


We not ояу sell more 9 Track Tape drive 
systems than anyone else... . we're known 
as problem solvers. People who develop 
and nurture solutions for other people. 
Give us a call today and let us solve 
your next conversion problem, 


GSA GSOOKROAGS6390 


FLAGSTAFF 
ENGINEERING 


Helping people read 
a world of information 


1120 Kaibab (602) 779-3341 
Flagstaff, AZ 86001 АХ 602-779-5998 
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Our test unit came with a | 10-megabyte Rigidyne (Control 
Data) 34-inch hard disk drive, a TEAC 1.2-megabyte floppy 
disk drive, an AST VGA card and Premium Display/VGA 
monitor, a 33-MHz Intel 80387 FPU, MS-DOS 3.3, and a total 
of 4 megabytes of 80-ns SIMM memory. The total estimated 
cost for this systern (AST does not offer a math coprocessor; 
33-MHz 303875 sell for about $1000) is $11,828. 

I had no problems using the machine with a Microsoft Mouse 
and card, and an NEC CDR-77 CD-ROM reader and its SCSI 
controller. The Premium 386/33 ran Windows 2.0, Lotus 1-2-3 
release 3.0, Xy Write 3.51, a finicky public domain fractal pro- 

, and NEC's Clip-Art 3D, a Windows-based graphics li- 
brary on CD-ROM. Compatibility seems good with the AST. 

The Premium 386/33's main selling points are its high-qual- 


| ity design and AST's track record as a vendor of solid, reliable 


hardwarc. Unless you must have either the fastest or the cheap- 


est 33-MHz PC, the Prernium 386/33 should be among your top 
choices. — Michael E. Nadeau 


Blackship 386/33 


Here’s a reasonably priced system that performed well. Like 
several other systems that we tested, the Blackship 386/33 uses 
the Micronics motherboard. It includes a RAM cache that 
really speeds things up. I tried several informal tests using two 
CPU-intensive programs, AutoCAD and Mapinfo. With the 
cache on, which is the default mode for the system, the Black- 
ship performed 27 percent to 42 percent better than with the 

cache off. (All benchmark tests were run with the cache on.) 
The basic system comes with a 33-MHz 80386, a Phoenix 
BIOS, | megabyte of 32-bit RAM, a 1.2-megabyte floppy disk 
drive, a disk drive controller with 1-to-1 interleave, a Seagate 
40-megabyte (28-ms) hard disk drive, two serial ports, one 
parallel printer port, and one game controller port. It also in- 
cludes a 32K-byte R AM cache, a monochrome display adapter 
continued 
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Announcing VGA-TV®, the first VGA card that takes 
VGA right from your PC and puts it on your TV or 
VCR. It's fast. It's easy. It's economical. And, it will 
change the way you view VGA forever. 

VGA-TV lets you display broadcast quality graphics, 
conduct PC training sessions, run interactive software 
demos, or simply see the full impact of your work on 
TV. Plus, you can videotape anything you display and 
send it to one or one million viewers. 


EYE-OPENING POWER 


| VGA-TV is a standard VGA card that is 
Uo» 10096 register and BIOS compatible. It out- 
puts a broadcast quality NTSC (or RGB) 

signal of VGA images to your television, projection TY, 
large screen TV, or VCR, 
On your TV, which connects to your computer by & 
simple RCA jack, VGA-TV gives you resolution up to 
640 x 480 x 18 colors (256 colors when optional 
memory is added to the board’s expansion sockets). On 
a multifrequency monitor, you get resolution up to 


BOO x 600 x 18 colors (258 with the additional memory). 


Fully compatible with previous graphics standards, 
guch as EGA and CGA, VGA-TV runs on the IBM 
PC/XT, PC/AT and compatibles. It can be used with a TV 
alone, or together with a monitor. 


IT'S YOUR SHOW NOW, BABY! 


Unleash the power of your PC with VGAÀ-TV and iet the 
world watch your show in style. Priced at an unbeat- 
able $699.00, VGA-TV is fully backed by Willow's three- 
year warranty and toll-free technical support. 

To order, or for more information, contact your dealer 
or call 1-800-444-1585, Ext. 36. Mastercard and VISA 
cards honored. Dealer inquiries welcomed. 


Willow Peripherals, 190 Willow Ave., Bronx, NY 10454 
Phone: (212) 402-0010 or Fax: (212) 402-9603 


Willow Peripherals іва diviaion of ABV Electronics, 
Ltd. Registered and 
trademarksowners: VGA- TV/WIHow Peripherals; 
GRASP Paul Масе Software, Ino. 

Computer courtesy of Hewlett-Packard, Inc. 


VGA Boards That 
Do More Than VGA. 


VGA-TV WH 
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and monitor, and a Key Tronic 101 enhanced keyboard. It selts 
for $4195. 

The unit [ tested was equipped with 4 megabytes of RAM 
and a Maxtor 150-megabyte 5*4-inch ESDI hard disk drive ia 
place of the Seagate unit. Instead of a monochrome display, it 
had a Paradise VGA Plus 16 board and an NEC MultiSync 2A 
monitor, and it had a total of 64K bytes of RAM cache. This 
configuration costs a reasonable $7495. 

I used the Blackship as my primary work computer every day 
for about six weeks. Most of the time I used the extended RAM 
and a supplied driver to emulate EMS memory for a disk cache. 
With the disk cache, it took my Lotus Agenda files, whose cate- 
gory list and heavy disk activity had outgrown my old 80286 
system, and made that program useful again. Without the disk 
cache, though, I had to wait—albeit less than before—for Agen- 
da to respond. 

None of the other many application programs I tried failed on 
the Blackship. It also ran muitiple programs using DESQview 
with no problem. However, the Blackship made its real worth 
clear while processing numbers and VGA graphics. Two nota- 
ble examples were drawing MapInfo’s detailed maps and plot- 
ting the heavens with an obscure astronomy program called 
EZCosmos. Both programs do calculations and plotting that, 
on a slower machine, would leave vou tapping your fingers. 

The unit is a standard desktop design. Inside, the systern lay- 
Out 1s easy to work with, and I had no trouble accessing periph- 
eral cards. Neither did the system have any trouble working 
with a CompuCom 8-bit 2400-bps modem card 1 tried. The 
Blackship has five 16-bit and two 8-bit slots for add-in cards. It 


Your compuler system shipped in... 


2,880 minutes 


Your compuler system shipped in... | 


48 hours 


Your computer system shipped in... 


2 days 


No matter how you say it, 
that's quick! 


and software 


Now the two most popular industrial 
computers are being shipped in 48 
hours. Complete, ready to plug in and 
use. No Ifs, ands or buts. 


* 7 serial, Î 


Rack mounted, rugged, 10 slor passive 
backplane, with 12.5 MHz 80286 CPU 
Model 2001 high reliability computer 

* Fully compatible with AT™ hardware 


* 1 MByte RAM on CPU card 

* 20 MByte hard disk 

* 1.2 MByte 5.25 inch floppy drive 
araliel 1/0 port 

e Controller for ОРНУ and hard disks 
* EGA video control 


also has onc 32-bit slot for the 32 bit memory card, which was 
installod in my unit. You can expand the memory to 16 mega- 
bytes, although you'll need to buy a daughterboard to exceed ¥ 
megabytes. 

The system comes with a one-year parts and labor warranty 
that's handled exclusively hy the manufacturer, so you'll have 
to send your system back for warranty service. Though not toll- 
free, the company’s customer support is courteous, fast, and 
competent. When I experienced a problem that turned out to be 
just an improperly seated drive controller (probably caused by 
shipping), the company's technical-support staff provided me 
with solid technical advice. 

Overall, the Blackship did an average job on the benchmark 
tests, and better than some of the big name-brand systems. Con- 
sidering its reasonable price, it's easy to recommend this com- 
puter. —Dennis Allen 


Compaq Desk pro 386/33 


Although the Compaq Deskpro 386/33 was not the fastest sys- 
tem tested—either in raw CPU power or in the BYTE cumula- 
tive application index—it did score impressive results. Thanks 
to its 64K-byte cache (with 25-ns static RAM), it was the 
fourth-fastest system in the BYTE CPU test. In the BYTE appii- 
cation index, it was the fifth-fastest systern overall and the fast- 

est system that did not use a special hardware disk cache. 
The standard Model 84 comes with 2 megabytes of memory. 
continued 


Rack mounted, rugged, 14 slot passive 
backplane, with 20 MHz 80386 CPU 
Model 3014 high reliability computer 
e Fully compatible with AT/386 hard- 

ware and software 
* ] MByte RAM on CPU card 
* 40 MByte hard disk 
e 1.2 MByte 5.25 inch floppy drive 
e 2 serial, 1 parallel 1/0 port 
e» Controller for floppy and hard 
er disks 


*ABOUT OUR PRICING AND DELIVERY * 101 key keyboard ° EGA video controller 

These two high reliability industrial quality com- © DOS 3.5A * 101 n keyboard 

puters are the most popular models we make, We + One year on-site GE service policy * DOS 3.3A 

can ship them, equipped exactly as shown, fully © FCC Class "A" certified * One year on-site GE servíce policy 
tested and burned In, within 48 hours after accep- * FCC Class "A" certified 


tance of your order. Prices shown are for single 
unit orders, net, fob, Houston. Other models and 
options available on 4 week delivery, Quantity 
pricing is available. 


ALL 


кок... $4540 * 


ALL 
FOR... 


$6175* 


TO PLACE AN ORDER OR OBTAIN MORE INFORMATION, 
CONTACT YOUR NEAREST AUTHORIZEO TEXAS 
MICROSYSTEMS SALES REPRESENTATIVE, OR CALL OUR 
HEADQUARTERS, DIRECT: 


1-800-627-8700 
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ONE YEAR WARRANTY 
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GE on Ane Servico 
ГТ”, пао 
Contormà& To FCU Class 
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EE TEXAS MICROSYSTEMS 


IN CORPORATE 
10618 Rockley Road * Houston, Texas 77099 

| (713) 933-8050 

Designers and manufacturers of quality computers for more than a decade 
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Our Printer Sharing Unit 
Does Networking! 


An integrated Solution 

Take our Master Switch " , a sophisticated 
sharing device, combine it with MasterNet™ 
networking software for PCs, and you've 
got an integrated solution for printer and 
plotter sharing, file transfer, electronic mail, 
and a ipt more. Of course you can also 
share modems, minis, and mainframes or 
access the network remotely. Installation 
and operation is very simple. 

Versatile 

Or you can use tho Master Switch to 

link any computer or peripheral with a serial 
or parallel interface. The switch accepts 
over 20 commands for controlling the flow 
of data. It may be operated automatically, 
by command, or with interactive menus. Its 
buffer is expandable to one megabyte and 
holds up to 64 simultaneous jobs. The 


MasterLink"" utility diskette for PCs 
comes with every unit and unleashes the 
power of the switch with its memory-resident 
access to the commands and menus. 
Other Products 

We have a full line of connectivity solutions. 
И you just want printer sharing, we've got 


(2, ROSE 


2 ELECTRONICS 
Give a Rose го gout computer 


it. We also have automatic switches, code- 
activated switches, buffers, converters, 
cables, protocol converters, multiplexers, 
line drivers, and other products. 
Commitment to Excellence 

At Rose Electronics, were not satisfied 
until you're satisfied. That's why we have 
thousands of customers around the world 
including large, medium, and small 
businesses, factories, stores, educational 
institutions, and Federal, state, and local 
governments. We back our products with 
full technical support, a one-year warranty, 
and à thirty-day money-back guarantee. 


Call now for literature or 
more information. 


(800) 333-9343 


PO. Box 742571 © Houston, Texas 77274 e Tel (713) 933-7673 è FAX (713) 933-0044 e Telex 49848886 
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WEITEK CORPORATION 


TUESDAYS, THE SHIPMENT OF TIME ARRIVES EARLY. 
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But what if they needed more? What then? 


ш iftimecould be manufactured, youd buy it. Weitek's Abacus 3167 math coprocessor comes close. 
It can give a 386-based computer 2X to 3X its normal speed —workstation-level performance— for 
less than $1000. With high-end CAD, CAM, engineering and math applications like VersaCAD, 
Anvil-5Q00pc, CADKEY, Mathematica and many others. You can readily install Abacus and 
its 2X to 3X speed in machines from Compaq, H-P, AST, Zenith, Dell, Everex and many 
more manufacturers. And two times speed equals two times as much time for you. 
Cali Weitek Corporation at 1-300-HOT- 3167 or see your dealer. Soon. 


WESTER 15 & regisieved trademark of WEITEK CORPORATION. AH other company and product names arc tradermks or registered 
Vwlemarkt of heir regnsctve holders. $1999 W ETEK CORFONATYON 
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Intelligent 


SCSI 


Controllers 
for NetWare, 
05/2 & DOS 


e Novell DCB compatible 
e OS/2 & DOS drivers available 


« 286/386 ISA & 


PS/2 MCA versions 


e Handles any SCSI drive 

e Optical CD drive support available 
e Use up to 4 boards & 32 SCSI drives 
e Works with 33 MHz systems 


e Available now. 


Dealers and Distributors wanted. 
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Trademarks: NetWare—Novell, Inc.; O 
PS/2--IBM Corp.; PROCOMP is an 
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PROCOMP USA, INC. 
6801 Road 
Cleveland, OH 44130 
FAX: (216) 234-2233 
Phone: (216) 234-6387 


~ Microsoft Corp.; 
company. 


DURANT 
Uninterruptable 
Power Supplies 


You know that you need power pro- 

lection, but how do you choose? 
Durant's BPS Series of Uninter- 

ruptabie Power Supplies (from 


300 VA to 1.2 kVA) solves any possible 


problem that would ever cross your 
power line. The solution starts with a 
% millisecond sense and switch time. 

Speed is important, but we 
realize that absolute safety involves 
much, much more. Switching 
technology is only an indication of 
what the BPS has to offer. At 
Durant, we leave nothing to chance, 
You simply have too much to lose, 

To find out why only Durant's 
premium quality will insure your 
security write or cail toll free. 


1 В00 451-4813 
in es (312) 647-6707 


on without us! 


Durant Technologies, Inc. 
2627 W. Howard Avenue 
Niles, iL 60648 


See us at COMDEX/FALEL 89 
Bally's Полага 1537 
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For additional memory, you must use an expansion board, 
which fits into a special 32-bit expansion slot. This board has 
room for seven 2-megabyte memory modules (at a rather hefty 
$1299 each), bringing the total memory capacity up to 16 
megabytes. 

The unit we received had 4 megabytes of RAM, a 33-MHz 
80387 math coprocessor, a second 1.44-megabyte 51-inch 
floppy disk drive, a Compaq Advanced Graphics 1024 control- 
ler, a Compaq Advanced Graphics color monitor, a Compaq 
2400-bps internal modem, a 40-megabyte tape drive, MS-DOS 
4.01, and OS/2 1.1. Total price for this system is $19,657. 

In physical appearance, the Compaq system looks like a 
standard desktop AT clone, considerably larger than the com- 
pany's other 80386 systems, such as the Deskpro 386/20e. The 
standard configuration consists of a 1.2-megabyte floppy disk 
drive, an 84-megabyte hard disk drive, and a УСА controller on 
the motherboard. One nice touch is the inclusion of a Micro- 
soft-compatible mouse connector on the back panel. 

Along with the УСА controller is a YGA pass-through con- 
nector. This connector appears to have the same function as the 
VGA lines on IBM's Micro Channel bus. If you purchase Com- 
paq's Advanced Graphics 1024 board (the company's equiva- 
lent to IBM's high-resolution 8514/4 controller), the VGA 
pass-through connector allows the Advanced Graphics board to 
display high-resolution 1024- by 768-pixel graphics as well as 
standard УСА graphics. 

Like many high-end systems, the Compaq has room for five 
half-height storage devices. But the Compaq system has one ad- 
ditional feature. On the back panel is a removable grill that 
allows access to the two rear drive bays. Although Compaq 
does not spell this out, this possibly could allow all five of the 
drive bays to be used for removable media, such as floppy disk 
drives, tape drives, optical drives, or removable magnetic 
drives. This, along with the system's password protection 
scheme, indicates that the system could be used well as a file 
server. 

Tbe motherboard seems clean, although I did spot two 
jumpers, The two sockets that you wil] most probably need— 
those for the 80387 and the Weitek 3167 coprocessors—are 

continued 


"It's a simple formula. t 
The more power under the 
hood, the faster you go. Well, 
f just found a 386 PC with a 
Ferrari 
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INNOVATES AGAIN" 


Racing at 8.2 MIPS; Zenith shatters the 33MHz speed barrier with 
one of the fastest intel386™ workstations ever built. 


Even after you see it, you still might not believe that any 386/33 workstation 
can deliver such unprecedented speed and reliability as Zenith Data Systems' 
2-386/33. But it's true. 

Up to 30% faster than many 25MHz desktops, Zenith Z-386/33 even 
exceeds the limits of other 33MHz systems. In fact, its super-fast processor, disk 
and memory subsystems give you uncompromising performance. 50 you can 
blaze through the most demanding scientific, engineering and manufacturing 
applications at an almost unheard of 8.2 MIPS. 
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For those who need 25MHz power, there's the Zenith Z-386/25. It, too, gives | 
you high-powered file serving, CAD/CAM/CAE, multi-tasking and multi-user Ey 
| capabilities. And each lets you take advantage of thousands of — standard E 
| peripherals as well as such advanced operating environments as М5 OS/2* V 
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| and SCO™ Xenix? 
| Both 32-bit powerhouse workstations also let you add hard drives and up 
| to 64MB of memory to keep pace with your growing needs. Plus, they come о 
standard with MS-DOS? And all hard 
drive models even include Microsoft* 
Windows/386. 


So if you need a faster workstation — 


An tinbeatable Formula: 


or the fastest—shift into overdrive with —: tili capere ен ЖС 
Zenith s Z-386/25 or Z-386/33 today TN Fin Technology Monitor ia 
For the name of your nearest Zenith Data Р 1 a 

Systems authorized dealer, call: 


1-800-553-0350. 
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THE QUALITY GOES IN BEFORE THE NAME GOES ON" 


і ху 3 eT It. TEA ia DD - | i 
Graphics simulate Microsoft? Windows, a product and trademark of Microsoft АГ ЖО a S 7 " wl 
Боп. MS-DOS, MS 05/2, Microeolt Windows 386 and Xenit are spud ААО UES NAE 
trademarks of Microsoft Corporation. SCO is a trademark of The 
Santa Cruz Operation, Inc. Intel 386 is a trademark of [stel Corporation 
"Source: Power Meter™ V1.5, The Database Group, Inc. Upland, CA. MIPS: Miffions of Instructions Per Second: © 1989, Zenith Dala Systems 
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SDLC/HDLC/X.25 


$289 SDLC/HDLC Secondary Stn. $689 Primary Link 
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$989 Virtual Circuit Network $889 Х.25 DTE. 
Management Software | rz "su POXTAT wih 


Why You Want It! ІВМ 5016 Comm, 


adapter, PS/2 with IBM 
“Save thousands on access connections, Multiprotocol adapter 
traffic, superfluous development costs! 
*Engineer & administer custom gerwork architectures, PADS, 
concentrators, gateways, protocol translators & analysers 
«Syach-Series if runs on IBM PC and P5/2 hardware 
“Simple applications program interface 
| *Synch-Seriex H reduces public carrier X25 access costs 
‘Source code is available — call us! 


What You Get! 


eSynch-Series I! — 4 modules — separately licensed — al low cost 

*SDLC/HDLC secondary/pritmary station API development libraries 

*Х.25 network interface/gateway software 

"Synch-Series U — VCNM module (X.25 DCE/DTE) allows a 
backbone of LAPE stations creating э subnet interconnecting & 
providing end-to-end virmal circuit services 


"ІВМ Physical Layer — full/half duplex data rates up to 9600 bpe. — | 


synchronous with or without modems 

*Synch-Series If provides run-time libraries, network traffic 
analysis, diagnostics & administration software 

sSynch-Series ЇЇ is user friendly, providing pop-up windows for 
network definitions & queries 


AQUYTEK Keal Time Systems Inc. 


400-1235 Bav St, Toronte, Canada. NSR ЗКУ (416) 924-7699 


SMARTCLOCK 


Slotless Clock and Calendar 
For Your Personal Computer 
= Automatically updates he бте 
and dale every time you tum on 
your computer 
е Firs all (BM PS/2 computers 
• Never enter the date and time 
again 
a Does not require a siot 
u with virtually ali 
computers 
= Easy (0 install 
» Fits in amy 28-pin ROM sockst 
e Keeps track of time even when 
the power is turned off 
* Complete documentation, 
installation software included 


DIRECT ING. 
(206) 883-0227 + FAX (206) 682-2801 
DiIbTZ&ZT 1 М.Е. 90th - Redmond, WA 98052 
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30-day $ back guarantee! 
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easy to access. The design may still be in flux, however. Just 
before the product was announced, the floppy disk drive con- 
troller was moved from the motherboard цә an expansion card. 
And although Compaq says that the system's hard disk drive 
controller is on an expansion card as well, on our system it 
seemed to be on the motherboard. 

Compaq should be commended for a number of small de- 
tails: for example, the easy way that the system cover can be 
removed (vía two small thumbscrews), the mouse connector on 
the back panel, and a Setup program that allows you to quickly 
set the system up. Some things were less than admirable, in- 
cluding Compaq's use of Torx screws inside the system. 

The system comes with a one-year warranty. No on-site ser- 
vice or other service contracts are available directly from 
Compaq. 

At a list price of $10,499 for an 84-megabyte system, the 
Compaq is surely one of the more expensive systems around. 
Even with a street price considerably lower, it will still be an 
expensive system, But Compaq has a reputation fot quality, and 
this systern does a lot to uphold that reputation. The high cost of 
the Deskpro 386/33 should buy a substantial amount of peace of 
mind. —Rich Malloy 


Dyna Cache 386 


Dyna Computer takes a smorgasbord approach to constructing 
a 33-MHz 80386; you start with an AMI motherboard and 
BIOS, and then select from a list of recommended subsystem 
components. The machine I tested was a sturdy, tower-style 
unit configured to provide the best performance for under 
$10,000. The Dyna Cache 386 was an able performer, coming 
in sixth in BYTE's cumulative application index. 

In addition to à switchable (8- or 33-MHz) 80386 and an 
80387, our test machine included 4 megabytes of 70-ns DRAM 
on the motherboard with room for 4 more megabytes on 
SIMMs, and up to 8 additional megabytes on a 32-bit add-in 
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Systemizing has become the connectivity standard Corporate computing managers prefer Systemizing 
at many of the world's largest corporations and over other connectivity methods because it offers: 
throughout the federal government. Tens af thou- — * Up to 62 ID ports, each parallel and serial capable. 
sands are already in use. The new Systemizer Plus © Compatibility. Mix PC's, LAN's, mainframes, laptops. 
is the latest model in Applied Creative Technology's * Easy owner installation. Low cost cabling. 

line of Systemizing products, and it delivers what • 5 min. user training with no support needed after. 


95% of corporate computer users want from a * Flexibility; readily accamodates growth and changes. 
Local Area Network— at far less cost and com- e Powerful distributed buffering (up to 31 Megabytes) 
plexity, and yet with much more versatility. * Distributed processing for high speed and reliability. 


| ""CONNEXPERTS 


x A Division of Applied Creative Technology Inc. 
—, 8333 Douglas Ave., Suite 700 

| Dallas, Texas 75225 U.S.A. 
(214) 358-4800 
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For Unix Only 


nlike the other machines in this 

roundup, the Altos 386 Series 
1000 does not run MS-DOS except as a 
guest of the Unix operating system. The 
Altos does not have an AT bus, a Micro 
Channel bus, or any other bus, for that 
matter. И is engineered to run Unix. 
The AT bus machines are not designed 
to run a full 32-bit operating system; the 
Altos machine is. 

The 33-MHz Altos has everything 
except the serial I/O on the mother- 
board. The basic system comes with 
eight serial ports, a tape drive, a 40- 
megabyte SCSI hard disk drive, and 4 
megabytes of RAM. Both the CPU data 
and address buses are 32 bits wide. Рег- 
formance is further enhanced by a 32K- 
byte memory cache. You can expand the 
RAM to 24 megabytes, the hard disk 
storage to 300 megabytes, and the ports 
to 24, but ali these upgrades require 
proprietary hardware, which you must 
buy from Altos. 

Unlike with AT-style Unix com- 
puters, the Altos's console, as well as 
any terminals, are connected to serial 
ports. Typical of all the newer Altos 
boxes, the machine stands on end and 
slips under a desk. All ports and switch- 
es are om the back. Only the floppy disk 
drive and tape drive are on the front. 

The Altos falls into the category of 
general-purpose Unix engine. It is not 
your lightweight AT-bus machine, nor 
is it the heavy-duty mainframe serving 


card. Cache memory consisted of 64K bytes of 20-05 SRAM. Everex Step 386/33 


The 16-bit Quadrex VGA board with 256K bytes of shadow 
RAM made the Dyna Cache one of the fastest machines in the 
scientific/engineering application benchmark category. The 
system came with a Mitsubishi Diamond Scan monitor. 
Storage devices included a Western Digital ESDI controller 
supporting 1.2- and 1.44-megabyte TEAC floppy disk drives 
and a Micropolis 147-megabyte ESDI drive with an average 
seek time of 18 ms. This combination proved slower than many 
of the other machines in our low-level disk I/O benchmarks. 
Our test system had one parallel port, one seria] port, and a 
game port on a Courier I/O card (which occupied two card 
slots), and a second parallel port on the Quadrex card. The 
backplane had eight slots; one 8-bit, six 16-bit, and one 8-/32- 
bit. Four of the 16-bit slots were occupied. The system can hold 
one more full-height or two half-height storage devices. 
Compatibility was generally good. The machine worked 
flawlessly with a variety of add-in cards and application 
grams. Overall, the Dyna Cache 386 is a well-designed, well- 
built, and competitively priced machine. —Rob Mitchell 


30 «Fall i989 ~ BYTE IBM Special Edition 


Altos 386 Series 1000: 


hundreds of users. It will serve an office 
or department well. When our Unix 
minicomputer failed, the Altos filled in 
very easily. In fact, it outperformed the 
five-year-old 68020-based minicomput- 
er on every function, even though you 
might mistake it for a 20-inch-high dwarf 
version of the 5-foot minicomputer. 

The Altos ran most of the low-level 
BYTE Unix benchmarks (beta version) 
at 65 percent to 90 percent of the perfor- 
mance of the Everex Step 386/33 run- 
ning SCO 386 Xenix, but itexcelled ina 
few areas. It created subprocesses twice 
as fast as the Everex. But the bench- 
marks showed the Altos able to read, 
write, and copy file segments at a phe- 
nomenal 10 times the rate of the Everex. 
If you plan to run database applications, 
this machine is considerably better than 
any other 80386 in its class. 

Usually we don’t focus on operating 
systems in a hardware roundup, but on 
Unix machines, the quality of the oper- 
ating system and compiler is as impor- 
tant as the hardware. Altos Unix is a 
mix of Unix System V, Berkeley Unix, 
and Xenix. The entire system is de- 
signed to work to the best advantage of 
both the hardware and the operating sys- 
tem. The disadvantage is that every- 
thing is a little bit different than on any 
other Unix system. 

In fact, everything about the Altos is 
just a little bit different. You can’t buy it 
from your average computer vendor; 
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you must go to an Altos value-added re- 
seller or a systems house. If you need a 
good Unix engine for your office and 
require 2 generic system, the Altos 
gives you a lot of performance, and you 
won't have to find someone other than 
your vendor to support both the hard- 
ware and the operating system. But, as 
with any proprietary system, you must 
go totally with Altos or not at all. 

— Ben Smith 


For raw CPU speed, the Everex Step 386/33 is the fastest PC 
we've ever tested. Its 6.84 CPU index narrowly beats ALR's 
31-MHz machine. On the application side, the Everex didn't 
fare quite as well; it placed tenth among the 33-MHz PCs. Add- 
ing a hardware disk cache would significantly improve its 
performance. 

For $7599, you get an Everex-designed motherboard, 4 
megabytes of 100-ns RAM (expandable to 16 megabytes), an 
AT-style hard disk drive controller, a 1.2-megabyle 5 %4 -іпсћ 
TEAC floppy disk drive, and an adequate 200-W power supply. 
Our evaluation unit came with 4 megabytes of RAM, a 160- 
megabyte Control Data hard disk drive and ESDI controller, a 
33-MHz 80387 math coprocessor, a Renaissance RVGA П 
ays and a 14-inch multisync WGA monitor for a total price of 

10,945. 

Like all Everex machines, the Step 386/33 is well engi- 
neered. The motherboard is free from the wire fixes often 
found on early-production PCs, and it is housed in a sturdier- 
than-most stainless steel case. Everex uses a 64K-byte, 20-ns 
RAM cache of its own design. 


Unlike most other 33-MHz PCs, the Step 386/33 provides 
only one serial and one parallel port. Its eight expansion slots 
include two 8-bit and six 16-bit slots. All memory mounts on 
the motherboard, eliminating the need for 52-bit memory-ex- 
pansion slots. The case can accommodate up to five half-height 
storage devices. A switch on the front panel allows you to set the 
operating speed to 8, 16, or 33 MHz. 

Though not the least expensive PC in this group, the Everex 
Step 386/33 is priced reasonably, and its performance speaks 
for itself. Everex is a midsize PC maker with a solid reputation; 
buying its 33-MHz PC is a relatively safe choice. 

—Michael E. Nadeau 


FiveStar 386 


FiveStar Electronics’ 386 machine comes in two main configu- 
rations. The base Model 333 has | megabyte of RAM, an 
Award BIOS, a 1.2-megabyte 54-inch (or 1.44-megabyte 314- 
inch) floppy disk drive, and an I/O card with serial, parallel, 
and game ports. The cost is $3395. 

The Model 33/D, which we tested, is built around the same 
Micronics 09-00021 motherboard but cornes with 4 megabytes 
of RAM, a 90-megabyte Control Data ESDI hard disk drive and 
controller, DOS 4.0, and an extra serial port and a clock/calen- 
dar on the I/O card. The unit also has an 80387 math copro- 
cessor, a FastWrite YGA card driving an NEC MultiSyric 
monitor, and a year's worth of on-site service through General 
Electric for a total cost of $8179. 

The FiveStar's 33-MHz chip operates at 6, 8, or 33 MHz, 
selectable by software, or you can select 33- or 8-MHz speeds 
using a push button/digital readout on the front panel. The 32K- 
byte, zero-wait-state hardware cache uses the Intel 82385 cache 
controller. As you can see from the benchmark results, the 
FiveStar Model 33/D falls about in the middle of the pack on 
the CPU benchmarks. It led the pack in the FPU tests, but here 
the differences between systems were minor. 

The Micronics motherboard provides five 16-bit AT slots 
(two of which, in our system, were taken up by the disk and 
video controllers), two 8-bit slots (one of ours contained the 
serial/paraliel/clock/calendar half-card), and a proprietary 32- 
bit slot for system memory. 

The hard disk is driven by the Distributed Processing Tech- 
nology (DPT) SmartCache controller for ESDI drives, which 

continued 
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МАТНРАК 87 30 Now svaitle fr Turbo C & MS C 


Over 180 шит coded — 
routines which are дерей 
to take full advantage of 
Ele? math coprocessor. 
Designed for Speed 
Up to 20 X faner than high level 
t K complex FFT on a 386/20 


takes 0.25; real 0.12s (2.05 & 
115 on an IBM dot 


Timings (COMPAQ 285, 12MHz} 


MATHPAK 87 v3.0 includes: 67 vectoriscalar routines; 27 complex vec- 
tor/scalar routines; 11 matrix utility rountines; 22 complex number 
routines; LU decomposition/backsotving routines for real & complex sys- 
tems; gaussian elimination; matrix inversion, equation solver 
routines; EISPACK type eigenvalue/vector routines; statistical routines; 
FFTs (1-р, 2-0, complex, real, convolution,...); spectral analysis routines 
(windows: Parzen, Hamming, ...); routines for non-linear equations, 
numerical integration & solution of differential equations; missing func- 
tions for Modula-2 & Pascal (tan, 10610, alog10, power, sinh, ...); & more. 


Widely used in signal & image processing, simulation, spectral analysis, сіс. 
Users like MATHPAK 87 & take the 
fime to tell us! 


ты, Available for Turbo Pascal, 
C CMS, Turbo or | Professional or F77L), 
or = and Modula-2 


pital or FIC) for com source code. 
Add $5 for shipping. ify compiler. 


loternational Desler: SOS Software Service, GmbH, Aker Potoweg 101, 8900 Augsburg, 
Wes Germany, Tel: 0821/57 1081, Fax: 0821/57 7659. 


Protects 
while you~ 


type! ` 


* Remains In Place while you use your computer. 

a Avoids Costly Repairs. Protects delicate electronics 
from dust, spills, smoke, ashes, staples. 

* Soft, Flexible, retains normal keyboard feel. 

" Washable, Durable High-Tech Polymer lasts years. 

* Hundreds of Models. SafeSkin is available for most 
PCs, laptops, workstations and clone keyboards. 

* Office = Home * Factory * Classroom * Laboratory 


List Price 529.95. Please call or write for free color 
brochure. Dealer inquiries encouraged. 


SafeSkin 


KEYBOARD PROTECTOR 


Merritt Computer Products, Inc, 5555 Red Bird Center Drive 
Sulte 150, Dallas, Texas 7152304/214) 339-0753 · FAX (214) 339-1313 
in Canada call 1-800-663-1061 
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comes with 512K bytes of RAM on-board. The SmartCache's 
usefulness is attested to by the Model 33/D's excellent perfor- 
mance in the disk I/O benchmarks. 

The vidco card in the Model 33/D is a FastWrite VGA card 
from Video Seven. This too has 512K bytes of on-board RAM. 
The memory card in our unit contained 4 megabytes of system 
КАМ in 80-ns DR AMs. The system can hold up to 8 megabytes 
on thc memory board, or upto 16 megabytes with an optional 8- 
megabyte daughtercard. 

Opening up the case, we found the FiveStar to be a nice, 
cleanly designed machine, with roorn for four more mass stor- 
age devices. According to its manual, the FiveStar comes with a 
one-year warranty on materials and workmanship. The com- 
pany maintains a toll-free number for service. 

The cost of the FiveStar is about what you'd pay for a simi- 
larly equipped system from many of the other vendors. If your 
applications tend to be disk-intensive, the ESDI drive and 
SmartCache combination might make this the system for you. 

— Ken Sheldon 


Matrix MDP 386-33 


The MDP 386-33 features a Micronics motherboard in a tower 
enclosure. It is an AT compatible with five 16-bit, two 8-bit, 
and one dedicated memory slot. The speed of the I/O bus is 
hardware-switch-selectable between 8.1 and 11 MHz. In its 
basic configuration, the MDP 386-33 has two serial ports, a 
parallel port, a game port, and a DTC 7280 hard/floppy disk 
drive controller with a 1.2-megabyte floppy disk drive. It also 
has 4 megabytes of DRAM and 32K bytes of static RAM 
(SRAM) for the memory cache. 

The interior layout makes it easy to configure and upgrade 
the machine. The ГО slots, configuration DIP switches and 
jumpers, 80387 socket, and sockets for added cache memory 
are easily accessible. The motherboard is free of visible 
jumpers. The machine I tested came with a Phoenix BIOS 
ROM; an Award BIOS ROM is also available. I encountered no 
hardware or software compatibility problems. 
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“Your closet may not be this cluttered. 
But how about your PC hard disk?" 


Only PC LIBRARIAN creates room for new files and archives NOW ONLY $69 
——— Í——BÓ— That's $30 off tbe regular price. Try PC LIBRARIAN for 30 days at this 
ou vr costs you time. Buying a larger disk costs unbelievably low introductory price. IT you're not delighted with all that new 
you money. Let PC LIBRARIAN save you both. hard disk space suddenly at your disposal, simply request a full product 
Three Functions In One nun. Mail the attached coupon of call today: 

The new PC LIBRARIAN is the only utility combining three time-saving 
functions in one. It clears inactive files from your 800-892 -0007 
hard disk. It wansfers them to an altemalive PC Librarian Features: 

— In VA or Canada call: 703-556-0007, FAX: 703-7 
archiving medium. It creates а file catalog that | ¥ Simple 2 minute instalation procedure. l DEMER & pe ekai INQUIRIES a 


© Archive and catalog several versions of 
the same fik. System Regriremoent IBM ACSXT AAT APS? or. NX compatible computer: 
DOS rersions 27 or iaer and a mieten of 312 KH of infernal memory 


Reclaim Hard Disk Space Sout files within directory by name, 
Why invest in a larger hard disk when PC dare, exteasion, etc. 
LIBRARIAN can instantly houseclean your old v9 md available to describe 
one? Imagine — all your outdated files suddenly archived 
gone. Bur not forgonen, because PC LIBRARIAN ¥ pir ما‎ pe er for ‚мл 
has moved them onto floppies, cartridges, LAN 7 dif ا‎ 
—whatever medium you prefer. эсш, € „мә 
As the same time, it's created an online catalog. Security available via encryption and 
Now you can instantly locate and retrieve any password protection. 
inactive file. 


The Essential PC Utility 

No other utility on фе market can match PC LIBRARIAN for archiving 
versatility. Not “backing ир” which merely duplicates old files. No 
“navigation” utilities which simply guide you through ihe clutter instead of 


remains on your hard drive. 


О Yes! waw saw time and: money with PC Libearian! ІЕЕ am na conpierely 
sausfied | may тшп и within 30 days for a full refund. 

Send me — mpe at $69.00 each, plus $500 posiage & handling 

(Va. residents add 4.5% sales tax} 


дк | | | PAYMENT: 
dearing it away. Not DOS which removes files bur gives you no way to û CHECK ОМУ CARD = 
Q MC CA 


convenjenuly locate and retrieve them. 

And not “compression” utilities which only “squish” the files without 
archiving them (of course, PC LIBRARIAN also provides you the convenience 
of compression and encryption.) 

PC Librarian — the essential new archiving product that saves vou hassle, 
saves you time, saves you money. 
And speaking of saving you money... 


EXP SIGNATE RE 


I need 2: h 
p. "a D 3H dek — Wm 
0 0. | Company 
ED 
: тше Ду 
Vienna, Va 22182-2705 а й 
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REAL-TIME 


MULTI-TASKING 


KERNEL 


for proteciod mode 80386 


= No royalties 
а C language support 


|, W Preemptive scheduler 


m Time slicing avallabie 
B Configuration Builder 
т List Manager 
m 20 us task switch 

at 16 MH: (no waits) 


@ Iniertask messages 
т Message exchanges 
B Dynamic operations 
— task create/delete 
— task príoritias 
— Mamory allocation 
B Event Manager 
B Semaphore Manager 


Source Code Inciuded 


Manual only 
AMX 386 


(shippgimg/hmdting extra) 


Also available lor 8066, 50286, 
ВОНО, ZAD, 64000 


We've 


LIFETIME WARRANTY! 


ISOBAR* FEATURES 
OUR GOLD SEAL 
INSURANCE POLICY... 
NOT ONLY WILL WE 
REPLACE AN ISOBAR 
SHOULD IT FAIL, BUT IF 
A SURGE DAMAGES YOUR 
C.P.D., WE PAY FOR THE 
REPAIRS. ..FOR THEIR 
LIFETIME! 


UL 1449 PASS 
THROUGH: 330V 


(О Check here if you would like 
In see a sample! 
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$75 US 
$3985 US 


"THE PON/ER PEOPLE" 
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KADAK Products Ltd. 
206 - 1847 W. Broadway 
Vancouver, B.C., Canada 
VBJ 1Y5 


Tele | 
ЖЕ phone: (604) 734-2706 
JF 


Fax: (604) 734-8114 


Got Guts! 


Compare 

Open up any competitors model; 
compare it to the ISOBAR* 
photo... You can really see the 

, difference! 

If you are using any nther brand. 
you rt nol getting full protection. 
ISOBAR'": The Most Advanced Power 
Line Filter to Protect Your Sensitive 
Еіесігопіс Equipment...And the 
ONLY surge suppressor іо protect 
your system from itself! 


ONLY ISOBAR^ GIVES YOU: 

1. Unique isolated filter banks with 
mulliple filtering components te 
safeguard against any interaction 
between their C P.L. and printer. 

2. Superior RFL EMI noise suppres- 
sion and rejection. 

3. Qur "CASCADE DESIGN" filter 
nebwork to allow users ta choose 
the tevel of protection they need. 

4. Up to 2I filtering components. 


Chicago, IL 60610 
312-329-1777 
Fax 312-644-6505 
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The one problem I found with the design of the machine in- 
volves the memory slot. Either the alignment of the slot with the 
mounting bracket is off or the slot is too close to the bracket, 
because the memory card 13 bent slightly. This didn't affect the 
operation of the machine for the three weeks I used it, but the 
streas that the bend creates could cause long-term problems 
with the sockets for the memory chips. 

To keep the bottleneck between the processor and memory as 
free as possible, the system uses а 32K-hyte direct map or two- 
way set-associative memory cache (hardware-selectable). The 
cache consists of 25-ns SRAM chips that provide zero-wait- 
state performance. The cache hit rate is about 96 percent. On a 
cache miss, the system accesses the 80-ns ОКА Ма that form 
the main memory. This memory access entails two wait states. 
Both the SRAM on the motherboard and the DRAM in the 
memory slot run at 33 MHz. 

The SRAM cache is upgradable to 64K bytes; the added 32K 
bytes brings the hit rate up another percentage point. Main 
memory is expandable to 8 megabytes on the memory board, 
and to 16 m using a daughterboard. 

With a CPU index of 5.75, the Matrix MDP 386-33 finished 
(albeit barely) in the top half of its class—an excellent showing 
considering its price. The problem with the Matrix machine, 
and the reason it brought up the rear in the application bench- 
marks, is its disk subsystem. The controller uses an ST-506 in- 
terface—a good ST-506, to be sure, but an ST-506 nonetheless. 
Using this interface in a 33-MHz machine is nearly criminal, 
as the disk and application benchmarks show. A high-powered 
machine needs a fast disk interface. Matrix supplies optional 
ESDI interfaces; it should make them standard. 

One application area where the Matrix machine excelled is 
the scientific/engineering benchmarks. The review unit came 
with a high-resolution, 16-bit, PaeLIT VGA board which, in 
conjunction with the machine's very good CPU and FPU per- 
formance, made the MDP 386-33 a tempting choice ($7190 
with the VGA board and 72-megabyte hard disk drive) as а 
CAD workstation. 

Buying a Matrix MDP 386-33 won't give you that warm, 
fuzzy feeling you might get with a Compaq, but it can save you 
money—even after you shell out the extra $1425 for the 145- 
megabyte ESDI disk upgrade option. Don’t use it as a file server 
on large networks, but do consider it for less-disk-intensive ap- 
plications. —Bob Ryan 


Micro Express ME 386-33 


Distinguishing itself from some of the 33-MHz pack, Micro 

s provides a caching disk drive controller inthe ME 386- 
33 to help it avoid F/O bottlenecks. The controller, which is 
included in the base system price, helped place the ME 386-33 
among the top I/O performers. Depending on the hard disk 
drive used, you can choose either an ESDI or an ST-506 DPT 
controller, each providing 1-to-1 interleaving and 512K bytes 
of on-board 2 

The BYTE benchmark tests ranked the Micro Express third 
fastest in disk speed, while its CPU speed placed a modest elev- 
enth, But the controller helped the ME 386-33 to perform re- 
spectably in the database, scientific/engineering, and compiler 
application tests. Notably, the system scored second overall in 
cumulative application performance. 

However, even though our evaluation unit used а 150-mega- 
byte ESDI hard disk drive, the controller recognized only 133 
megabytes of formatted space. The company says the controller 

continued 
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Building quality into our computers 
is not the solution to a problem, 


SYSTEM V 


286-16 MHZ NOVAS NEAT MOTHERBOARD 
EGA MONITOR 

EGA ADAPTER 

1МВ RAM 

1.2 MB 5-1/4 FLOPPY 

1.44 MB 3-1/2 FLOPPY 

40 MB HARD DRIVE 

MULTI I/O 1 PARALLEL 2 SERIAL 1 GAME 
REAL TIME CLOCK 

FD/HD CONTROLLER 

101 ENHANCED KEYBOARD 

200 WATTS POWER SUPPLY 

DOS 3.3 GW BASIC 

PHOENIX OR AWARD BIOS 


$2,692.00 


But the creation of an asset. 


a 
[cre 
i * D SA y ч % p € <+ DESDE te FEAT 

j Suae tire , ait 


SYSTEM VIII-TOWER 


386-25MHZ MONOLITHIC MOTHERBOARD 

. (MOTHERBOA RD IS GUARANTEED FOR 5 YEARS) 
VGA SUPER SYNC 

VGA ADAPTER 

4MB RAM 

1.2 MB 54/4 FLOPPY 

144 МВ 3-1/2 FLOPPY 

100 MB HARD DRIVE WITH CONTROLLER 

MULTI О 1 PARALLEL 2 SERIAL 1 GAME 

REAL TIME CLOCK 

101 ENHANCED KEYBOARD 

MOUSE SERIAL OR BUS | 
220 WATTS POWER SUPPLY 
DOS 33 GW BASIC 

AWARD BIOS 


$5,576.00 


ONE FULL YEAR WARRANTY PARTS AND LABOR ON COMPUTER, KEYBOARD AND MONITOR. 
UNCOMPROMISING HIGH QUALITY AT AN AFFORDABLE PRICE. 


See us з а! 


| redere 13-17, 1989 


Tropicana Hotel 
Las Vegas, Nevada 


DEALERS INQUIRIES WELCOMED! 


SYSTEMS BY DIONEX 
њо 8211 LaPorte Freeway 
i Hosuton, Texas 77012 
(713) 921-5661 
TO ORDER CALL: 1-800-729-5465 
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Create Your Own 


100,000 Rule Expert System 


* Powerful multi-path decision trees 
* Flexible development options 


* No programming needed 


+ Customized reports 
* PC based 
° $495.” 


Logicliee. 


CAM Software, Inc. * 750 North 200 West = Provo, Uh E4501 = (EDI) 113—080 


The Expert Sysiem Development Tool 


ATTENTION 
CAD/CAM USERS 


gesign using a CAD system, .. you now have 
a reliable source for accurate PHOTOPLOTTING. 


Printed Circuit Photoplotting 

within 24 hours! 

send us your M3 DOS floppy disk or 9 track 
Mag tape with Gerber formatted flies, and 
we can produce an accurate 1:1 positive 
or negative using our state-of-the-art Raster 
pholtoplotter. 


FOR MORE INFORMATION... 
CALL: 1-800-325-3878 We'll be glad 


1-314-343-1630 (MO) 129409 on your 


Kapo Circuit Зутныти, Inc 
ASD Ахт Сите 
— Fenton, Missouri 63026 
Kepro Circ 
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doesn’t acknowledge disk space above 1024 cylinders in DOS, 
idling the remaining 17 megabytes. But Micro Express claims 
that DPT has developed an extended BIOS that will plug into an 
existing controller socket and allow use of the full disk spacc. 
Micro Express plans to offer the extended BIOS as a standard 
component with future ME 386-33 systems. 

In other respects, the ME 386-33 sports a clean and typical 
design. Its American Megatrends, Inc. (AMT) motherboard is 
uncluttered and allows for eight expansion hoards to be in- 
stalled in one 8-bit, one 32-bit, and six 16-bit compartments. 

A standard 4 megabytes of RAM comes with the machine. 
Eight logic chips provide a 64K-byte 20-ns static cache. Mem- 
ory can be expanded to 8 megabytes on the main board or to 16 
megabytes with an expansion board. The motherboard also in- 
cludes four SIMM sockets. The system accepts either an Intel 
80387 or a Weitek math coprocessor chip. 

A I15-month repair warranty covers parts and labor. The 
company also provides a telephone service that allows custom- 
ers to call technicians about machine problems. In some cases, 
you can arrange to have replacement boards sent or, if neces- 
sary, ship the entire computer back to the company for service. 

The base ME 386-33 sells for $5995 and includes either a 
|.2-megabyte 54-inch or a 1.44-megabyte 34-inch floppy 
disk drive, one parallel and two seria) ports, and a 101-key key- 
board. Our evaluation system had a 150-megabyte ESDI hard 
disk drive ($1500), a VGA Plus card and an NEC MultiSync 24 
monitor ($750), an 80387 math coprocessor ($750), and two 
floppy disk drives. At $9125, this system demands less than top 
dollar for near-high-end performance. —Alan Joch 


National MicroSystems Flash 386-33 


The Flash 386-33 would make its comic-book namesake proud. 
Built around a 33-MHz Micronics motherboard and a DPT 
high-speed caching disk controller, the unit turned in excep- 
tional benchmark times—often outrunning the bigger-name 
systems. The base price for the Flash 386-33, which includes 4 
megabytes of memory, a disk drive controller, a floppy disk 
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DATA RECOVERY | 
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* Emergency data recovery 
* Quality disk drive repair, sales & service 
* Removable hard disk drives 

* Rapid turn around time 

seê us at COMDEX 


Rotating Memory Services 


1506 Dell Avenue 


Campbell, CA 95008 drive, a 200-W power supply, and a keyboard, is $4999. With 
TEL; (408) 370-3113 the hard disk drive, VGA video system, and math coprocessor 
FAX: (408) 370-7233 that our review unit had, the complete system rings up а: $7995. 


The Micronics design puts all system memory on a daughter- 
card that fits in a proprictary 32-bit slot. Total 32-bit memory 
capacity, which will require a piggyback unit in addition to the 
daughterboard, runs up to 16 megabytes. The unit we tested 


10- Key & 12- Key Tem plates had a daughterboard half-filled with 80-ns, |-megabit DRAM, 
bringing the system RAM to 4 megabytes, А 33-MHz Intel 


for 50 popular PC P rog rams 82385 manages the 25-ns, 64K-byte static cache. 

The CPU memory subsystem performed admirably on our 
low-level benchmarks, placing the Flash 386-33 solidly along- 
side Compaq's entry. CPU performance айыз contributed to the 
Flash 386-33's strong showing on our application tests. 

Other systein board features include a DIP switch-selectable 


3.0, PFS:First Choice 2.0, PFS:First Publisher 2.1, PFS:First bus speed of 8.25 or 11 MHz, five 16-bit and two 8-bit slots, а 
Publisher 1.0, Ashton-Tate Framework Ill, Ashton-Tate | Phoenix ROM BIOS, and 80387 support. The unit can also run 
Framework Il, Digital Research GEM 1st Word Plus, Digital a Weitek 3167 with an adapter card. Since high bus speeds 
ResearchaEM Write, Lotus 1-2-3 Release 3, Lotus 1-2-3 2.2 often mean compatibility problems, we ran all our benchmarks 
Dac-Easy Lucid 3-D 2.0, Dac-Easy Lucid 3-D, Microsolt at the default 8.25-MHz bus speed. 

Multiplan 3.0, Ashton-Tate MultiMate Advantage 11, Ashton- Disk VO пет her kev in the Flash 486-33 
Tate MultiMate Word Processor, SPC OfficeWriter 6.1, Aldus чей یی چ‎ Cy a Ern тар DLE , 
PageMaker 3.0, Borland Paradox, SPC Professional File 2.0, outstanding application index. The hard disk drive unit is a 150- 
PFS Professional File 1.0, PFS:Flle, SPC Professional Plan § | megabyte Control Data ESDI drive (standard type formatting 
1.0, PFS:Plan, SPC Professional Write 2.1, PFS Professional under DOS will leave you with 127 megabytes) with a respect- 
Write 2.0, PFS Professional Write 1.0, Borland Quattro, able 18-ms average access time. National MicroSystems" stan- 
Borland Sprint, Lotus Symphony, Dac-Fasy Ward 3.0, Dac- ll | dard 33-MHz configuration also includes DPT's SmartCache 


Eee, Light, ered Ward 88, Ме Бот word 40,9 dem 32 Mil configuration ee RAN RC 


WordPerfect WordPerfect 5.0, WordPertectWordPerfect 4.2, [|| | disk benchmarks best illustrate the dramatic effect of the 
MicroPro WordStar 5.5, MicroPro WordStar 5.0 MicroPro SmartCache—systems with the controller (the SIA 386/33, the 
WordStar 4.0, MicroPro WordStar 3.3 Micro Express ME 386-33, and the Flash 386-33) all had disk 
1 a Р L/O indexes higher than 6, while noncached units typically 

10 Key, 2-Color Templates Only $2.98 scored in the mid-2's. If you plan to use the Flash 386-33 as a 


12- Key, 5 -Color Templates ш Only $3.98 file server and need really screaming disk performance, you 


Add $1.00 Shipping & Handling per total order. can add cache memory io the controller up to a ceiling of 16 
(Texas Residents, add 6% sales tax) megabytes. 

Н Peripherals such as a reasonably comfortable Chicony key- 

FuncKey Enterp rises board and a Sony YGA monitor round out the Flash 386-33. 

(817) 482-6613 Video speed was disappointing, but the Sony monitor is easy on 

Route 1, Box 639G, Sanger, TX 76266 the eyes and provides good contrast. — Steve Apiki 
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SOLUTIONS 


High capacity and networking solutions from 90 MB to 4 gigabytes for Compaq", 
IBM’, AST’, Epson®, Hyundai’, NEC" and leading compatibles. 


ith CMS Enhancements, you can 

| put an end to costly mistakes and 

corrections in meeting your computer | 

mass storage needs. That's because CMS ' T 

Enhancernents provides the total solutions to ‹ | | 

today's most challenging hard disk storage | 
problems. 


ower cpm ame vm MÀ m 


speed ESDI drives for [BM PSF} models 60 and 80. 150 


2 
Highest 
and 120 MB, 14.5-16.5 ms. ** 


CMS’ complete line of high-speed, high- 


tured with the finest components and 

| craftsmanship- for reliable performance, time 
after time. No wonder CMS Enhancements is 
eer vip PER. the leading producer of mass storage subsys- 


5 across 
SCSI technology that can be daisy-chained for ap to 4 gigabytes of i 
storage. 90, 180, 300, 600 MB capacities; 16-18 ms.* tems in the world. 


* Alc compatible with Hyundai? (16 BIT), NEC Powermase Series, Epson® Equity Series and Hewled Packard Vert Series, 
** Also compatible with ВМФ PS/2 Model 60, ASTD Premium Series, Compag® Deskpro Series, Epson Equity Series, Hyundai and Hewlett Packard Vectra Series. 


CUES шур па cpt behnii of CHS Еліна. Ёк. AN сбат palra aed brad ees ave рист tees of thir sespective Ce 
Ueyrughst D UNS - CHS Бышиттигин. be, 
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So contact your nearest CMS 


Enhancements dealer today. And let CMS 


Enhancements fil] in the blanks of your com- 


| puter system- with storage solutions you won't 


need to pencil in. 
For the name and telephone number of 


MEL] your local CMS Enhancements dealer, call us at 


714-259-9535. 


capacity disk drives are designed and manufac- | 


Tacos 
Highest quality internal SCS! drive series available. 90, 180, 300, 
and 600 MB capacities: 16-18 ms.* 


CMS) 


ENHANCEMENTS 
CMS Enhancements, inc. 1372 Valencia Avenue. Tustm, CA 92680 


Getting a network off the ground is casy 
with AIX” Because AIX, IBM’s enriched version 
of the UNIX operating system, brings a whole 
new standard ance, documentation 
and security to the open systems environment. 

In fact, ATX has improved 


Your plans to connect spor ober UNIX унеш 
in so many ways, the Open 


up all your systems Software Foundation 


recently chose 


will fly a lot easier with AIX. лхо 


operating 
AIX gives you a very high degree of 
flexibility. ATX lets you create a transparent net- 
work between platforms from a broad range of 
vendors—from SUN” to DEC” to AT&T" and НР” 

It also lets you link up a broad range of IBM 
systerms—from the PS/2* to the RT, all the way 
up to the System/370* | 

All for one, and one for all. AIX can inte- 
prate a network so effectively, you'd swear it was a 
single system. 

Distributed Services on the RT lets 
everyone in the network share files, programs 
and devices. And to optimize your Р5/2 and 
System/370 investment, AIX Transparent 
Computing Facility lets you shift power from 

one processor to another, as the need arises. 

And since AIX allows you to merge DOS 

and UNIX functions, you protect your soft- 
ware investment, too. 

AIX's ease of use also sets a new 
standard. AIX is well documented, easy to 
learn and provides connectivity through 
multiple communications protocols. 

o if you want to raise the quality of your 
networking, connect with your IBM marketing 
representative or [BM Business Partner 
about AIX. The one system that connects the 
flexibility of open standards with all the classic 
strengths of IBM. 

For more information, call 1 800 IBM-2468, 
ext 148. AIX from IBM. Making your business come 
together. 


{| 
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IPN? 1 

Advanced Logic Compaq Computer Corp 
Research, Inc. Р.О. Вох 692000 
9401 Jeronimo Houston, TX 77269 
Irvine, CA 92718 (713) 370-0670 
(714) 581-6770 Inquiry 1164. 
Inquiry 1160. 

Dyna Computer, Inc. 
Altos Computer Systems 3081 North First St. 
2641 Orchard Pkwy. San Jose, CA 95134 
San Jose, CA 95134 (408) 943-0100 
(408) 432-6200) Inquiry 1165. 
Inquiry 1161. 

Everex Systems, Inc. 
AST Research, Inc. 48431 Milmont Dr. 
2121 Alton Ave. Fremont, CA 94538 
Irvine, CA 92714 (415) 498-1111 
(714) 863-1333 Inguiry 1166. 
Inquiry 1162. 

FiveStar Electronics, Inc. 
Blackship Computer 2100 North Greenville Ave. 
Systems, Inc. Richardson, TX 75081 
4031 Clipper Court (800) 752-5555 
Fremont, CA 94538 Inquiry 1167. 
(415) 770-9300 
Inquiry 1163. 

PC Link 386/33 


I doubt that any of the other 33-MHz machines got the same 
strenuous workout as the PC Link 386/33. As soon as it arrived, 
I set it up in the BYTE Lab. Immediately, the hard disk drive 
and the open card slots began to fill up. In addition to the stan- 
dard BYTE application benchmarks, the PC Link transferred 
megabytes of data using Lap-Link and a Bernoulli Box; ran at 
least three versions of Windows; tested a new 400-dot-per-inch 
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FORKMA HI 
Matrix Digital Products, Inc. Systems Integration 
1811 North Keystone St. Associates 
Burbank, CA 91504 222 East Pearson, Suite 502 
(800) 227-5723 Chicago, IL 60611 
(818) 566-8567 (312) 440-1275. 
Inquiry 1168. Inquiry 1172. 
Micro Express Tangent Computer, Inc. 
2114 South Grand Ave. 303 Beach Rd. 
Santa Ana, CA 92705 Burlingame, CA 94010 
(800) 642-7621 (415) 342-9388 
Inquiry 1169, Inquiry 1173. 
National MicroSystems Zenith Data Systems 
2833 Peterson Place 1000 Milwaukee Ave. 
Norcross, GÀ 30071 Glenview, IL 60025 
(404) 446-0520 (800) 553-0331 
Inquiry 1176. Inquiry 1174. 
PC Link Corp. 
29 West 38th Si. 
New York, NY 10018 
(800) 221-0343 
(212) 730-8036 
inquiry 1171. 


laser printer using Micrografx Designer 2.0; accessed BIX, 
Prodigy, and BYTE's editorial LAN; ran DESQview 386, Nor- 
ton Utilities 4.05, and Scanning Gallery with ап HP Scanjet; 
and negotiated the numerous small chores expected of all our 
lab computers. The PC Link was up to the task. It ran every- 
thing from PageMaker 3.0 to a new desktop publishing soft- 
ware package currently in beta testing. The only hitch was an 
annoying mechanical problem with the 34-inch floppy disk 
drive. 

PC Link Corp. sells the 33-MHz system in two basic flavors. 
Both models are based on the Hauppauge 386 Motherboard/33 
and come with 4 megabytes of RAM, a 101-key Enhanced key- 
board, a 220-W power supply, one parallel and one serial port, 
a 1.2-megabyte floppy disk drive, and a 16-bit Trident VGA 
board. Only the disk drive type distinguishes the configura- 
tions: The Model 160 ($5995) supports a 159- , 17-ms 
ESDI Micropolis hard disk drive, and the Model 330 ($6995) 
packs a 330-megabyte, 18-ms ESDI Micropolis drive. 

Our evaluation unit was the Model 160 with the following 
options: a 1.44-megabyte 34-inch floppy disk drive, a 33-MHz 
80387 math coprocessor, a Video Seven 16-bit VGA adapter, 
and an NEC MultiSync 3D monitor, for a total of $7818. 

Three of the system's expansion slots are occupied, leaving 
four 16-bit slots free. An eighth expansion slot supports a dedi- 
cated 32-bit memory bus. A monitor is not included with any 
model. 

The Intel CPU can access up to 64 megabytes of 32-bit mem- 
ory. The motherboard comes stuffed with 4 megabytes of 80-ns 
RAM; further memory upgrades require a card for the dedi- 
cated 32-bit memory slot. The PC Link optimizes memory ac- 
cess with a 64K-byte 20-ns cache and four banks of interleaved 
DRAM. Extended memory conforms to EMS 4.0 specifica- 
tions. The motherboard also supports either an 80387-33 or a 
Weitek 3167-33 math coprocessor. 

continued 


Most good work has an edge toit. computer user, to full use. 

And good work tums into a And in as little as 47 seconds, 
sharp, 300-dpi, colorful, awe- you print out a document witha 
inspiring PostSeript-compatible virtually unlimited range of bright, — 8 
business weapon on the Tektronix clear colors. You print out desk- / 


Phaser CP Color Printer. top presentations. Transparencies. ج‎ 
The Phaser CP works witha Color layouts or comps. PC/CAD ____  — 
color thermal-wax process for BM design. Or just about anything ————MÓ С 
PC/XT/AT or ese Do: а? heart "os н "ЧИ г 
computers, in any variety of net- oseea er CP, or to fin 4 
work configurations. So you сап the best remedy for paper cuts Tektronix 


finally put your color, HPGLand once you get one call for more The best and the brightest. 
PostScript-compatible applica- information, 1-800-835-6100 
tions, not to mention every Dept. 4], or fax to (503) 682-3408. 
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The PC Link did not cacel on the BYTE benchmarks, but it 
performed credibly for an incapensive, no-frills system. Many 
of the systems reviewed here boost their performance with ex 
pensive disk controliert and on-board caches. The PC Link, on 
the other hand, offers only a disk-cache utility on the bundled 
disk. A software cache is not as efficient as a hardware onc, and 
it also consumes valuable RAM. The decision to forego an on- 
board cache may stunt the benchmark results, but such choices 
also keep a rein on the system's price. PC Link has done a good 
job balancing the price/performance equation. Nothing spec- 
tacular, perhaps, but a solid machine at a reasonable price. 

—Stanford Diehl 


SIA 386/33 


After the BYTE Lab tested Systems Integration Associates’ 
386/33, we realized how hard-disk caching can influence sys- 
rem performance. With an optional 4.5 megabytes of disk- 
cache memory, the SIA 386/33 achieved the BYTE Lab's rat- 
ing as one of the fastest PCs on the market. 

A caching controller from DPT is one key; it allows the SIA 
386/33 to read and write to the controller cache while the con- 
troller card simultaneously accesses the disk. Because of the 
DPT controller, the SLA 386/33 blasted its nearest 33-MHz 
competitor by 18 percent on the cumulative application index. 
And the disk caching can be expanded to 12 megabytes. 

CAD redraws were, at most, a nuisance for this machine. 
Word processing disk-access applications were even less taxing. 

To keep main (motherboard) memory from slowing down 
the processor, all SIA 33-MHz systems include a 64K-byte, di- 
rect-mapped, 20-ns SRAM cache. SIA claims zero-wait-state 
operation and an 81 percent hit rate for the write-through 
cache, operated by a discrete logic controller. In a direct- 
mapped design, each memory access involves comparing a tag 
(which specifies blocks within the cache) with part of the re- 
quested address. The system uses faster 15-ns SRAM to store 
the frequeutly used cache tag. Up to 16 megabytes of main 
memory can be cached; accessing any memory installed be- 
yond this limit will slow the system considerably. 

The SIA 386/33 ships with 4 megabytes of 7(-ns DRAM. 
Four bands for DIP memory are available on the motherboard, 
along with four SIMM slots. DIP sockets are compatible with 
both 256K-byte and 1-megabyte DRAM chips. SIA says that 
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horn SIMM and DIP socks arc computibls with the 4-mega 
byte versions of each package. 

With {-megahyte parts, you сап get up co 8 mogabytee on the 
motherboard; when 4-megabyte components are released, the 
board will take not 32, but 16 megabytes—a system board timit 
imposed by the AMI BIOS. 

The 10-bay tower is well designed, with cabling connections 
up top where they're protected by a slide-off cover. The cover 
has handholds for moving the 75-pound behemoth. Loosen two 
screws, slide the cover off, and you have easy access to install 
drives and cards in the swing-mounted side cover. 

You can easily distinguish the 10-bay system from the others 
from the loud roar of the two thermostatically controlled cool- 
ing fans that drag filtered air past the 350-W power supply. The 
standard configuration ($6490) has a PS/2-style keyboard, 4 
megabytes of RAM, one serial port, and one parailel port. It 
does not have any hard disk drives or a caching controller. 

The machine I reviewed had a second 1.2-megabyte floppy 
disk drive, an 80387 math coprocessor, an extra serial port, a 
16-bit VGA card and VGA color monitor, two 16.5-ms, 680- 
megabyte hard disk drives with an accompanying DPT caching 
controller, a 125-megabyte tape drive, and a DPT mirroring 
kit. The total cost for this system is a whopping $26,365. 

As configured, this machine is designed for heavy-duty file 
server applications for large LANs. The mirroring kit works 
with the two hard disk drives, mirroring the information from 
one onto another for backup. Besides transparently writing on a 
second hard disk drive, the SmartCache mirroring kit automat- 
ically patches bad sectors with good data from the mirrored 
drive. Like the mirroring, which is handled transparently by 
the controller, patching sectors is transparent. —Roger Adams 


Tangent 333 


My first impression of the Tangent 333 was that you could live 
in this box. The huge tower measures almost 2 feet deep, just as 
high, and 9 inches wide; there's enough space inside for 10 
half-height mass storage devices. 

Even though the unit I tested had two floppy disk drives and a 
100-megabyte hard disk drive (all ESDI), and I/O boards that 
included a Video Seven FastWrite VGA card, a multiport I/O 
card (with two serial, one parallel, and one game port), plus the 
controller board for the disk drives, the insides looked empty 
and lonely. Like Dyna, Tangent builds its systems to each cus- 
tomer’s specifications; it offers no standard models. The price 
of the system I used was $6995. 

This is a system you won't easily outgrow. The power supply 
is a large two-fan cube mounted in the bottom of the case. Regu- 
lated by a temperature sensing circuit, both fans blow air up 
and across a Mylex motherboard mounted so that the ЏО 
boards are installed with their backsides pointing up. 

This means that you attach monitor cables, keyboard cables, 
and whatnot across the top. But don’t worry about spilling cof- 
fee into your RS-232C connector—a special cowling covers the 
top of the machine, protecting its insides like a chimney hat. 

The power supply in the model Î tested was rated at 250 W 
continuous, but if you're certain to be loading your machine 
up, Tangent sells models with supplies rated at 360 W. 

The motherboard appears to be capable of handling anything 
you can throw at it. It accepts either a 33-MHz 80387—which 
was in the system I tested—or a Weitek 3167 coprocessor. The 
peripheral board slot arrangement is geared to versatility: four 
16-bit slots, an 8-bit slot, and two Intel AT/32-bit slots. If your 
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hy is the world’s smartest mouse under $100? 


A 
D- 
^ 


LOGITECH 


You're looking at the only mouse in 
the world with on-the-fly ballistic 
drivers, adjustable resolution (50 to 
over 15,000 d.p.i.), 55 free mouse 
menus, a super-lightweight self- 
cleaning ball, and a 1,000 mile road 
test (really). 


It's also the капа» most comfortable 
mouse, accoraing to PC Magazine. 


And it's yours for $99. 


How do we do it, and provide 7-days- 
a-week unlimited support, and à 
Satisfaction Guarantee? 


Economies of scale: we're the only 
major mouse marketer to make 


our own mice, and sell them 


Ede 


to millions of PC users around the 
world, and many leading computer 
componies. 


For information: 800-231-7717 


In California: 
800-552-8885 


LOGITECH 
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sweating Data 
Transfers? 


Before DBMS/COPT. transferring data was a 
real nightmare. With its user friendly menu 
system, DBMS/COPY makes moving data 
between 65 packages a snap. Now you can 
move data among spreadsheets, databases, 
SQL DBMSs, time series, graphics and | 
statististics packages in seconds. Many 
packages claim to read spreadsheets, but 
its revolutionary 


only DBMS/COPY with 
spreadsheet grabber lets you visually select 


the cell range you want to transfer. And 
users say they actually enjoy moving ASCII 
files with DBMS/COPY. 


All this can be yours for $195 (add $5 
shipping}. Of course, there is а ЗО day 
moncy back guarantee. If you don't believe 
this ad, call or write for your free limited 
version of DBMS/COPY. Power users, ask 
about the PLUS version. Order today and 
stop sweating over your data transfers! 


Conceptual Software, Inc. (800) STAT-WOW 

P.O. Box 56627 (800) 782-8969 

Houston, TX 77256 (713) 667-4222 
(713) 667-3FAX 


GRAB IT! 


DIGIVISION l 
framegrabbers are high- 
quality, versatile, affordable 
real-time digitizer cards. The basis of many 
of today’s OEM products, our boards excel in 
robotics, inspection, security and medical imaging. 


DV-512 Programmable resolution up to 512 x 480. Indapen- 
dent field buffers, input and output LUTS, 24 bit RGB dis- 
play, dual H3170b inputs, Advanced features. $1,199.00 


ОМ-02 256 gray lavel board. 256 x 240 resolution, 24 bit ana- 
log RGB display, output LUTS, dual inputs, chroma filter 
and hardware cursor, $849.00 


DV-03 84 gray level board with many DV-02 features $549.00 
POC-PIO96 8255-based digital IO card for РС. $175.00 


+ E 
.e* „> 


Control Vision 


РО. Box 596, Pitlsburg, KS 66762, 800-292-1180,(316) 231-6647 
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8-bit boards are fast enough, they'll run fine in the 16-bit slots; 
conversely, a 16-bit card works in the AT/32-bit slots. 

A proprietary slot holds the main memory board. The only 
memory on the motherboard is 128K bytes of 25-ns SRAM. 
The machine I tested housed 4 megabytes of conventiona] 
DRAM, but Tangent said that the Mylex memory board could 
handle 4-megabit SIMMs (expected in the next six months), 
which would be able to take the machine up to 32 megabytes. 

Memory is arranged on the board in interleaved fashion; 
there are two banks, and the system refreshes one bank while 
the CPU accesses the other. My machine had only one bank 
populated, so the system was unable to perform this clever re- 
fresh interleaving. Consequently, Tangent claims, the system 
suffers a 2 percent to 3 percent performance degradation. 

The entire front of the machine is a door that swings open to 
expose the power switches and hard disk drive. (Floppy disk 
drives are accessible through a cutout, even when the door is 
closed.) You can lock this door, and when you do, no one can 
get at the screws that loosen the side panel for access to the in- 
ternals. Neither are the top cowling screws accessible; it's diffi- 
cult for someone to tamper with the I/O port cables. 

The Tangent system turned in mediocre performance on our 
benchmarks, but this doesn’t dampen my enthusiasm for it. 
The Tangent should make an ideal network server or Unix ma- 
chine. With plenty of room for expansion, an cye toward 
tamper-resistance, and a well-designed power system, this is 
hardware you won't have to worry about. —Rick Grehan 


Zenith Z-386/33 


Several features of the Z-386/33 make it stand out. All the data 
lines to the serial and parallel ports have RF filters to minimize 
radio frequency interference; the system has FCC Class B ap- 
proval. A built-in Monitor program allows you to diagnose, set 
up the computer, and do programming. A lithium “Smart Bat- 
tery" circuit displays an error message telling you to replace the 
battery before you lose the setup information in CMOS RAM. 
Finally, the Zenith documentation ís excellent. It is well writ- 

ten, well organized, and liberally illustrated. 
The Zenith Z-386/33 came configured with one 1 .44-mega- 
byte 34-inch floppy disk drive, a 155-megabyte MiniScribe 
continued 
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Data analysis software 
from SPSS gives your PC 
a winning advantage. 


It doesn't matter which field you play 
hardball in. With the right combination of 
equipment and ability, you can be a hero. 

You get that ability with SPSS. 
Whether your equipment runs on 
MS-DOS™ or PC-DOS™ OS/2™ or a 
Macintosh?" So you turn raw data into 
useful facts. And yourself into a smarter 
decision maker. 

With SPSS and its options, you can 
interface directly with data from your 
database, spreadsheet or other 


CAREER HIGHLI 


tends. [nce 


application software. Then manipulate it 
in Countless ways. From data entry to 
advanced statistics, forecasting, 
presentation and тоге, 

Voted #1 by the fans. 

When the readers of PC Week chose 
the top statistical software for “user 
salistaction" (12/5/88), their choice was 
SPSS. Апа no wonder. 

SPSS is designed not only for your 
computer s operating system, but also 
for its operator. With menu and help 
systems, plus an on-line statistical 
glossary. So youre always in control. For 
rnarket research, sales analysis, quality 
control arid more. 


1983 GHTS; 


of sales territor 


And you can always count on the 
training, support, and ongoing 
upgrades of SPSS. The team that's 
come through for over 1 million users 
since 1968. 

Find out how SPSS can make you first 
in your micro league, by calling 

[312] 329-3315. 

We'll give you the numbers to really 

stand out in your field. 


SPSS inc. 
Best In the final analysis. 
444 North Michigan Avenue, Chicago, Блю 60611 
SPSS International BV: Avelingen West Әй, 


FO Box 115, 4200 AC Gorinchem, 
The Netherlands 


SPSS js araginered trademark of SPSS Inc. PCS and OS? ane Irademarks of Иган ща! ыалы Martene Corporation MS-DOS s n tradattark of Microsoft Corporation 
Maciniosh е a mopetored trademark of ippa Computer, Inc. ipt ell options sre avaiable on all operaling systems 
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MEGAHERTZ MADNESS 


3180E ESDI hard disk drive, 3 megabytes of 80-/100-ns system 
RAM, 16K bytes of 15-ns SRAM for the cache, and a 200-W 
power supply. It also came paired with the Zenith ZCM-1490 
Flat Technology 14-inch analog color monitor. The system 
comes with MS-DOS 3.3 Plus and Windows/386. The total 
price of this system is $13,197. 

The 2-386/33 has seven expansion slots on the motherboard. 
Three are for standard, 16-bit, AT-compatible cards. The other 
four are Zenith's proprietary 32-bit SuperSet slots that are com- 
patible with 16-bit cards and with Zenith's 32-bit memory-ex- 
pansion and 1/O cards. 

The computer is unusual because the motherboard holds the 
system RAM, CPU, FPU (80387 or Weitek 3167), cache 
RAM, and expansion slots. The Zenith BIOS and Monitor pro- 
gram ROMs, real-time clock circuit and battery, serial and par- 
allel ports, and additional support circuits are on the LO card 
that plugs into one of the 32-bit expansion slots. 

Eight slots are available for the systern memory. Either 1- or 
4-megabyte SIMMs can be installed for a maximum of 8 or 32 
megabytes of RAM on the motherboard. Optional Zenith ZA- 
3600-MQ memory-expansion cards can be plugged into the 32- 
bit slots to increase system RAM to a total of 64 megabytes. 

The 16K bytes of RAM for the cache is located on a separate 
card that plugs into its own slot on the motherboard. Zenith an- 
ticipates offering a 256K-byte cache card in the future. 

There is space for four half-height devices in the front panel. 
The floppy and hard disk drives are mounted in cradles. Re- 
move one screw, and the cradle that holds two drives can be 
easily moved back and lifted out of the chassis. 

The floppy and hard disk drives are controlled by a Data 
Technology ESDI hard/floppy disk drive controller card. Ze- 
nith gives it a data transfer rating of 10 megabits per second 
with a 1-to-1 disk interleave. 

The hard disk drive versions of the Z-386/33 come with a Z- 
549 VGA card made by Sigma Designs. On boot-up, the video 
BIOS ROM is copied to 32-bit RAM to improve performance. 
The card provided a crisp display on the Zenith monitor. 

The Zenith Z-386/33 is not at the top of the list when it comes 
to performance—perhaps because it is keeping such exotic 
company in this review. Where the Zenith does shine is in the 
overall quality of its design and construction.—Stan Wszola Ш 
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This is where it all comes together. Price 


We founded Gateway 2000 on this farm located near Sioux Gateway 2000 offers the most aggressive prices in the industry. 
City, Iowa to provide top quality computers at unbeatable prices We offer fully loaded machines for the same price as most 
with uncompromising service after the sale. No other com vendor's stripped down models. One customer wrote "Tm surprised 
offers you the combination of Price, Quality, and Service that the computer media haven't mentioned anything about your 
we do. We want you to be completely satisfied with your decision to prices relative to the rest. You don't merely edge them out you 
purchase a Gateway 2000 computer system, and you have our blow them away'"— Clarence Larson. Look at our prices on the 
personal pledge that you will be. We look forward to you joining back page of this ad, shop around, compare apples to apples, — 
our thousands of satisfied customers, and establishing a long then call Gateway ا‎ nda Ce, ЕЛЫ 
lasting business relationship. GATEWAY DIFFERENCE. “I chose oe, after much 


B DISTINCTION 


Quality 
Gateway 2000's quality standards set us apart from our 
competition, From the top quality name brand components used 
in our systems to the painstaking quality assurance tests we 
fun on our machines, you are guaranteed a top quality computer. 
Our complete line of computer systems are hand built in our 
factory located just outside Sioux City, lowa. State of the art 


technology is used to provide you with a combination of perform- 


ance, compatibility, and reliability that few vendors can match. 
One customer recently wrote: “The quality of your work is 

exemplary and frankly has made a lot of others jealous because 
| they ' systems which were comparable in quality but with 
ü iff pr price difference"— George Syty. 
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Service | 
Gateway 2000's service policies are the best in the industry. 
We stand behind all of our systems with a 30 Day Money Back 
Guarantee and a 1 Year Warranty. We also offer Lifetime | 
Toll-Free Technical Support, and Free Federal Express Ship- | 
ping of replacement parts. If our technicians can't solve your 
problems over the phone or Fed-X vou a solution we can dispatch a 
technician to most locations to provide Free On Site Service. | 
Our policies are great, but it's our people that really set us apart 
from the competition. Look at what our customers write: | 
"Thank you very much for kind attention and help. Гат 
highly recommending your corporation to colleagues for your | 
quality and service "—Herbert Markley. | 
“Гуе always heard your forte i is customer Service, and now you | 
have definitely proven it to me"— Jose De Jesus. | 
“Т am really glad I chose Gateway 2000"— Jerry Langland. 
^. feel compelled to express my gratitude to your company for the 
le service and support 1 received" — Andrei Weiszmann. ` 
"It is a pleasure indeed, to work with a computer sales ! 
company that exhibits a genuine desire to satisfy the customer "— 
Ron L. Kinney. | 
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= | Meg RAM 

= 1.2 Meg 54^ Drive 

= 1.44 Meg 3.5" Drive 

- 80 Meg 28ms Drive 

- 16 Bit VGA Board 

= 14” Multisynch Monitor 
* | Parallel & 2 Senal Ports 
* 101 Key Keyboard 

* MS DOS 33 or 4.01 


$2995.00 


Upgrade tad Меру $400 
ОЧА Cache Add 3250 


44 Meg 3, E Drive 
E Meg 28ms Drive 

© 16 Bit VGA Board 

= 14° Mulusynch Monitor 
= | Parallel & 2 Serial Ports 
- 101 Key Keyboard 

* MS DOS 3.3 or 4.01 


$2395.00 


= 80286-12 Processor 

* 12 Meg 5%” Dnve 

= 1.44 Meg 3.5” Drive 

* 40 Meg 28ms Drive 

* 16 Bit VGA Board 

* 14° Mulusyach Monitor 
* | Parallel & 2 Serial Ports 
* 101 Key Keyboard 

* MS DOS 3.3 or 4.01 


$2195.00 


= 4 Megs RAM 
= 1.2 Meg 514” Drive 
= 144 Meg 3.5" Drive 
= 150 Meg 16.5ms ESDI Drive 
- 16 Bit VGA Board 
= M* Multisynch Monitor 
= | Parallel & 2 Serial Ports 
= 101 Key Keyboard 
* MS DOS 3.3 or 4.01 
$3995.00 
64K Cache Add 
5500 


* 64K Cache RAM 

* 4 Megs RAM 

* L2 Meg 5%” Drive 

* 1.44 Meg 3.5" Drive 

* 150 Meg 16.5тѕ ESDI Drive 
* 16 Bit VGA Board 

* M* Mulusynch Monitor 

* | Parallel & 2 Serial Ports 

* 101 Key Keyboard 

* MS DOS 33 or 4.01 


$5495.00 


* Gas Plasma Display Screen 
* 2.6 Megs RAM 

* 1.44 Meg 3.5" Floppy Drive 
* External Port for 54" Drive 
* 40 Meg 28ms Hard Drive 

* | Parallel & | Serial Port 

* Expansion Slot (16 Bit) 

* External EGA Monitor Port 
* 84 Key Keyboard 

* MS DOS 3.3 Installed 


$2995.00 


- 80286-16 Processor 

= 2 Megs RAM 

= L2 Meg 54" Drive 

= 144 Meg 3.5” Drive 

= 40 Meg 28ms Drive 

= 16 Bit VGA Board 

- 14° Multisynch Monitor 
= 1 Parallel & 2 Serial Ports 
= 101 Key Keyboard 

* MS DOS 33 or 4.01 


$2295.00 
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Meg 3.5" Drive 

40 Meg 28ms Drive 

= 16 Bit VGA Board 

= M" Multisynch Monitor 
* | Parallel & 2 Serial Ports 
* 101 Key Keyboard 
* MS DOS 3.3 or 4.01 


$2395.00 


IBM SPECIAL ISSUE 


Benchmarks at a Glance: 
1989 


BYTE's performance rankings 
of popular IBM PC compatibles and Macs 


Compiled by Stanford Diehl 


т ver since the new BYTE benchmarks debuted 

j in June 1988, a diverse field of microcomputer 
systems has vied for the title of "fastest per- 
sonal computer." The BYTE Lab has busily 
tested the gamut of systems from 33-MHz net- 
work sé servers rvers to the new notebook-size laptops. The boxes keep 
shrinking while the power within keeps growing, and new 
speed champions appear almost daily. Still, some systems de- 
serve special notice. 

While the crop of 33-MHz machines now dominates the top 
of our list, the ALR FlexCache 25386 clung to the top spot for 
over six months. At one time, a slick memory-caching scheme 
was enough to lead the pack. But now, with most observers 
agreeing that 80386 speeds have topped out, vendors are using 
more extreme measures to keep ahead, using extensive caching 
and top-of-the-line components in their speed demons. 

As the BYTE benchmarks have evolved, so have the available 
computer systems. The Compaq Deskpro 386/16, still a power- 
ful desktop model, has dropped to the bottom tier. The porta- 
bles are now formidable foes, seriously competing with full- 
fledged systems. The Toshiba T5200 is one of the top 20-MHz 
performers, and the IBM P5/2 Model P70 edged out the PS/2 
Model 70-121. The day of the desktop portable has arrived. 

The 80386SX machines are also gaining stature. They, too, 
achieve a respectable showing on our list, comparing favorably 
with the 80386/16 machines. If the SX prices drop a little fur- 
ther, the chip may become significant after all, 

As always, the BYTE benchmarks offer a glimpse of low- 
level component performance as well as application-specific 
performance. You can easily evaluate each system's overall 
standing, or you can analyze a systern's performance by one of 
four component modules or one of five separate applications. 
The listing also tells you when each machine was reviewed or 
otherwise mentioned in the pages of BYTE if you'd like a more 
detailed picture of a system. 

The BYTE benchmark indexes are relative. The IBM 
cnntinued 
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BYTE BENCHMARK INDEXES—WITH MATH COPROCESSOR 


Low-level Applications в 

0 aaaaaamaaaaaaamaaaaaamamamamamme um. 

Month CPU FPU Disk Video WP SS DB  Sci/ Стріг. appi. 

Computer appeared Eng. Indy. 
SIA 386/33 . IBMSpcl. 89 627 1497 BOD 327 БЛП 432 ROS 742 712 3264 
Micro Express ME 366/39 IBMSpcl. 88 5,66 1506 7.02 297 4/6 432 лиз TI? 35203 = 627.50 
National Micro Systems 386/33 IBM Spc. 6S 6.06 15.07 648 2.01 5.08 436 5.77 600 537 26.58 
FiveStar Model 33/D (386/33) IBM Spc. 89 5.74 1575 7.14 222 482 431 591 590 553 26.47 
Compaq Deskpro 386/33 IBM Spc. 89 6.00 1550 200 453 428 501 300 7.86 446 2461 
Dyna Cache 386/33 ІВМ Spd. 89 667 1486 256 3.85 502 427 291 7.51 4.42 24.13 
ALR FlexCache 33/386 IBM Ѕра. 89 6.74 15.66 2.60 2.83 461 4.50 2.88 7.18 4.86 24.02 
Blackship 386/33 IBM Spd. 89 6.03 1371 237 3.61 4.69 445 289 730 444 23.77 
AST Premium 386/33 IBMSpcl.89 4.80 14.21 2.32 3.89 4.11 422 301 723 411 22.69 
Everex Step 386/33 IBMSpd.89 684 15.48 245 426 443 3.93 196 805 425 22.62 
PC Link 386/33 IBMSpcl.89 510 14.87 2.83 2.11 503 443 268 551 436 22.01 
ALR FlexCache 25386 Nov. B8 507 1055 274 2.57 4.41 4.13 263 560 408 21.24 
Tangent 333 IBMSpcl.89 573 1483 228 1.79 4.57 445 245 543 427 21.17 
SIA 386/32 Apr. 89 599 1420 2.38 3.06 441 4.07 202 6.24 3.94 20.67 
Zenith Z-386/33 IBM Spcd.898 4.79 15.10 2.96 5.05 3.91 397 1.87 659 385 20.19 
Matrix MDP 386/33 IBMSpd.89 5.75 1507 1.93 5.73 395 390 174 7.09 343 2011 
AST Premium 386/25" 3.78 992 249 234 362 393 260 536 368 1920 
Dell System 310 (386/20) Oct. 88 3.91 8.38 3.21 2.45 345 356 2.84 4.98 3.41 18.24 
Proteus 386/25MX"* 426 997 237 1.72 369 388 2.40 433 3686 17.95 
ALR FlexCache 20386 Jun, 88 3.92 7.93 2.50 201 344 351 2.88 466 344 17.94 
Compaq Deskpro 386/20 Feb. 88 3.001 834 223 254 3.20 351 3.09 467 345 1793 
Toshiba T5200/100 (386/20) Aug. 89 3.98 827 2.22 216 3.34 3.66 2.57 489 '340 17.85 
ALR MicroFlex 7000 (386/25) Sep. 89 499 10.29 241 297 354 3.82 150 545 3.30 17.61 
Compaq 386/208" 3 8.19 1.89 3.03 326 364 262 468 307 1728 
IBM PS/2 Model 70-A21 (386/25) Jul, 89 471 10.23 164 296 342 3.75 152 533 262 16.64 
Dolch-P.A.C. 386-25 Aug. 89 3.84 877 2.12 2.64 3.16 3.14 2.37 467 3.11 16.45 
AST Premium/386C (386/20) * 42b 742 231 228 3.12 260 261 450 3.31 16.14 
Micro Express Regal tl (386/20) Aug. 89 330 808 251 250 293 318 222 429 3.14 15.76 
AST Prernium/386 (386/20) Sep. 88 251 526 241 1.90 2.80 290 242 398 274 1485 
FiveStar Model 320 (386/20) Jun, 89. 331 799 166 2.11 307 321 149 431 259 14,87 
Tandy 5000 MC (386/20) Feb. 89 471 791 125 226 297 323 150 435 223 1427 
Tandon 386/20 Jun. 89 3.80 802 1.49 171 291 3.19 152 397 241 1401 
Everex Step 366/20 Aug. 88 411 8.14 1.41 159 2.94 337 155 367 246 13.98 
Datch P.A.C. 386-20C (386/20) Jan. 89 330 535 141 2.28 296 278 168 379 237 13.58 
Compaq Portable 386 (386/20) Aug. 89 2.82 734 160 246 268 311 149 373 232 13.33 
IBM PS/2 Model 80-111 (386/20) Nov, 87 268 697 153 231 281 307 145 3039 221 19.16 
Sun386i (386/25) Dec. 88 3.61 6.02 5.87 0.70 3.24 2.66 236 1.94 2,96 13.18 
IBM PS/2 Model P70 386 (386/20) Aug. 89 266 698 1.62 2.168 299 288 135 358 2.22 13.02 
IBM PS/2 Model 70-121 (386/20) Jan. 89 266 684 1.74 2.34 263 274 1.46 35.7.5 215 1272 
Wells American CompuStar (286/20) Apr. 89 274 2.04 201 2.30 262 3.11 165 306 206 1249 
NEC ProSpeed 386 (386/16) Aug. 89 2.41 6.00 2.15 1.58 234 2.33 2.14 3.11 2.37 12.29 
Compaq 386s (386SX/16) Nov. 88 186 5.03 178 1.87 224 2.15 206 301 2.05 1151 
ADC Powerlite 386 (386SX/16) * 192 488 2.64 197 2.38 225 2.48 224 213 1147 
Dell System 220 (286/20) Dec, 88 272 1.73 1.40 202 2.71 268 1.339 255 211 11.44 
Toshiba T5100 (386/16) Aug. 89 238 590 1.34 1.32 2.25 248 169 264 1.97 1104 
Zenith TurbosPort 386 (386/12) Aug. 89 198 236 1.48 1.91 1.93 222 200 2.73 1.97 10.84 
Tatung TCS-8000 (386/20) Aug. 88 3.04 174 1,18 094 241 298 113 209 192 10.53 
IBM PS/2 Model 70-E61 (386/16) Jan. 89 211 550 1.55 193 228 218 135 2.94 1.78 10.52 
Compaq Deskpro 386/16 Feb. 87 220 1.52 1,45 1.40 226 240 152 225 196 10.38 
Twinhead 386SX (3865X/18) Mar, 89 193 491 145 1.17 229 200 1.82 257 176 10.23 
Mitac 2386 (386/16) Oct. 89 204 441 1.38 1.57 2.08 182 136 276 1.67 9.70 
GRiDCase 1530 (386/12.5) Aug. 89 1.76 269 1.55 1.24 17.78 2,01 1.81 2.17 1.82 9.58 
IBM PS/2 Model 55 SX (3865X716) Oct. 89 178 402 136 242 2.07 197 1.21 261 187 9.53 
GRiDCase 1535 EXP (388/12.5) Aug. 89 1.76 2.68 1555 1.20 169 2.04 1.78 213 1.80 9.44 
Amdek System/286A (286/12.5) Jul. 88 2.318 156 416 101 202 221 1.53 172 170 9.17 
Dell System 200 (286/125) Jul. 68 1.60 1,72 4.05 1.09 1.83 2.01 1.31 1.74 146 8.34 
IBM PS/2 Model 50 2 (286/10) Jan. 89 185  1.B0 1.24 1.42 1.76 172 117 2.00 1.47 8.12 
Arche Rival 286 (286/12) Jul. 88 351 1.50 2.50 1.49 1.75 143 O96 184 114 7.12 
AST Bravo/286 (286/8) Sep. 89 146 103 112 118 1.57 1.30 122 1.53 1.27 6.89 
NEC PowerMate Portable (3868X/16) Aug. 89 196 3.76 1.23 1.27 1.25 1.23 165 1.50 1.13 6.77 
Leading Edge Model D2 (286/10) Jul. 88 1.27 1,25 3.86 079 163 124 1.32 128 1.21 6.68 
Epson Equity 11+ (286/12) Jui. 8B 1.28 121 3.43 0.82 1554 147 1.07 1.22 1.24 6.54 
IBM PC АТ (286/8)* * 1,00 1.00 1.00 1,00 1.00 100 100 100 1.00 5.00 
IBM PC XT (8086/4.7)" * 0.22 071 032 025 033 028 022 035 029 1.47 


"System hes been benchmarked but not yer covered m BYTE 
ТСЗ tur reference oriy. 
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BYTE BENCHMARK INDEXES—WITH MATH COPROCESSOR 


Application level 


EZ 


SIA 386/33 = 
— = ШЕШ 


Micro Express ME 386/33 
National Micro Systems 386/33 
FiveStar Modal 33/D (386/33) 
Compaq Deskpro 386/33 
Dyna Cache 386/33 
ALR FlexCache 33/396 
Blackship 380/33 
AST Premium 386/33 
Everex Step 386/33 
PC Link 386/33 
ALR FlexCache 25386 
Tangent 333 
SIA 386/32 
Zenith Z-386/33 
Matrix MOP 386/33 
AST Premium 386/25 
Dell System 310 (386/20) 
Prateus 386/25MX 
ALR FlexCache 20386 
Compaq Deskpro 386/20 
Toshiba T5200/100 (386/20) 
ALR MicroFlex 7000 (386/25) 
Compaq 386/206 
IBM PS/2 Model 70-A21 (386/25) 
Dolch-P.A.C 386-25 
AST Premium/386C (386/20) 
Micro Express Regal 11 (386/20) 
AST Premium/386 (386/20) 
FiveStar Model 320 (386/20) 
Tandy 5000 MC (386/20) 
Tandon 386/20 
Everex Step 386/20 
Dolch Р.А.С, 386-20C (386/20) 
Compag Portable 386 (386/20) 
IBM PS/2 Model 80-111 (386/20) 
Sun386i (386/25) 
IBM PS/2 Model P70 386 (386/20) 
IBM PS/2 Model 70-121 (386/20) 
Wells American CompuStar (286/20) | 
NEC ProSpead 386 (386/16) 
Compaq 3865 (386SX/16) (2 
ADC Powerlite 386 (3865Х/16) | 
Dell System 220 (286/20) | 
Toshiba T5100 (386/16) 
Zenith TurbosPort 386 (386/12) 
Tatung TCS-8000 (386/20) 
IBM PS/2 Model 70-E61 (386/16) 
Compaq Deskpro 386/16 
Twinhead 3865Х (386SX/16) 
Mitac 2386 (386/16) 
GRiDCase 1530 (386/12.5) | 
IBM PS/2 Model 55 SX (3869X168) [E 1l - 
GRiDCase 1535 EXP (386/12.5) | 
Amdek System/286A (286/12.5) 
Dell System 200 (286/12.5) 
IBM PS/2 Model 50 Z (286/10) 


Arche Rival 286 (286/12) | 
AST Bravo/286 (286/8) Я Мога processing 
| Д NEC PowerMate Portable (3865X716) f ГОП Spreadsheet 
T _[ Leading Edge Model D2 (286/10) CO Database 
"i Tr Epson Equity 114: (286/12) | M" |! 
TII IBM PC AT (286/8) —_ ووی‎ 
I IBM PC XT (8086/4.7) ompiler 
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BENCHMARKS AT A GLANCE 


BYTE BENCHMARK INDEXES—WITHOUT MATH COPROCESSOR 


Low-level Applications & 
m. 
Menth CPU Disk Video WP SS DB 30.7 Cmpl. арр. 
Computer appeared Eng. indx. 
Micro Express ME 386 (386/20) Oct. 88 330 147 258 346 273 173 1371 232 11.54 
Gateway 386 (386/20) Oct. 88 2.77 1.55 280 316 225 239 114 227 11,21 
Fortron 386 (386/20) Oct. 88 277 133 284 315 278 154 112 2.15 10.74 
Zeos 386 Tower (386/16) Oct88 261 197 225 3.08 267 154 105 230 10.64 
DataWorld 386 (386/16) Oct. 88 220 152 164 3276 234 215 090 2,14 10.28 
Spear Mono-386A (386/16) Oct. 88 261 138 228 301 266 1468 105 182 10.08 
Northgate 386/16 Nov. BB 261 138 227 286 275 134 100 204 10.05 
Micra 1 Power 386/20 Oct. 88 254 144 186 290 239 169 098 20? 10.03 
Club 386 (386/16) Oct. 88 262 139 228 291 217 156 105 206 9.76 
Whole Earth 386 (386/16) Oct, 88 275 1.30 225 292 216 150 105 205 9.68 
VIPC Micro 386 (386/20) Oct. 88 291 133 190 271 246 154 107 190 9.68 
CompuAdd Standard-386 (386/16) Oct. B8 220 143 #166 264 234 150 088 1.91 9.27 
Pacesetter 386 (386/20) Oct, 8B 236 143 206 260 215 148 097 1.88 9.08 
Suntronics-386 (386/16) Dat. 88 220 123 233 262 215 144 090 1.83 B.93 
Blackship 386 (386/16) Oct. B8 243 1.33 148 274 201 143 089 181 8.88 
Bus 386 (386/16) Oct. 88 220 104 153 257 214 151 089 1.70 B.81 
GCH EasyData 386 (386/16) Oct. B8 242 134 184 245 200 150 090 1.90 B.75 
Value 386 (386/16) Get. 88 2.20 T.22 1.66 2.86 2.00 1.32 0.87 1.84 8.69 
PC Network THE 388 (386/16) Oct. 88 220 093 +83 254 197 143 091 1.83 8.67 
Uniq 386 (386/16) Od. 88 1.87 126 150 247 191 145 O82 1.78 8.44 
Compaq SLT/286 (286/12) Mar. 89 1.59 1.77 143 177 167 195 061 1.69 7.70 
Hertz 386 (386/16) Oct. 88 203 132 167 3209 161 132 082 179 7.59 
NCR PC916sx (3865Х/16) Mar. 89 187 134 111 211 170 128 072 171 7.52 
Ogivar 286 Laptop (286/12.5) Mar. 89 1.70 1.19 1.38 175 163 134 062 1.45 6.79 
Zenith SupersPort 286 (286/12) Feb. 89 1.555 106  À 1.38 1.59 153 128 064 140 6.43 
Mitsubishi MP-286L (286/12) Fab. 89 1.62 0.92 129 1.45 141 105 0.59 113 5.64 
Epson Equity LT (NEC V30/10) Od.88 093 061 Q082 101 086 092 034 0.81 3.94 
HP Vectra CS Model 20 (V30/7.16) Jun, 88 084 026 O62 077 O84 068 025 £0.65 3.19 
NEC MultiSpeed HD (V30/9.54) Jun. 88 0.68 047 059 O74 089 041 027 064 2.96 
NEC UltraLite (V30/9.83) Aug. 89 0.993 142 080 МА 090 МА 035 099 МА 
BYTE BENCHMARK INDEXES—MACINTOSH FAMILY 
Low-level Applications 
Cum. 
CPU FPU* Disk Video WP ss ра Scl/ Стріг. appl. 
Computer Eng. indx. 
Macintosh Ilex 4.61 1.15 3.65 2.58 272 3.25 3.07 6.13 279 17.97 
Macintosh SE/30 4.61 1,16 3.01 2.33 2.68 3.53 2.99 5.23 2.60 17.04 
Macintosh IIx 4.57 1,16 3.02 2.59 2.60 3.20 3.15 5.32 2.53 16.81 
Macintosh Il 3.81 1.00 2.56 2.35 2.00 2.72 2.53 4.24 2.16 13.66 
Macintosh SE 1.00 NJA 1.00 1.00 1.00 1.00 1.00 1.00 100 500 
Macintosh Ptus 0.81 МА 0.75 0.91 0.80 0.88 0.93 0.91 0,84 4.36 


* FRU moek: based on Macintosh Il AS other indexec bared on Macintosh SE. 


PC-compatible systems are referenced against an 8-MHz IBM 
AT with an 80287 coprocessor. The cumulative application in- 
dex represents an overall score based on al] application tests. 
The baseline AT registers at 1.0 on each application index for a 
cumulative index of 5.0. Therefore, a cumulative score of 20 
would suggest an operating speed four times that of the stan- 
dard AT. The NEC UltraLite could not run the entire set of 
application tests and so does not have a cumulative application 
index. The UltraLite’s low-level bar graph is more representa- 
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tive of its speed since the application-level bar lacks two seg- 
ments. For all graphs, the low-level bar extends to the left of the 
listed system and the application-level bar extends to the right. 
Predictably, the 68030 machines (IIcx, SE/30, and IIx) top 
the Macintosh list. The 68000 processor inside the SE and the 
Plus does not support an integrated math coprocessor, so those 
machines could not generate an FPU index. For the same rea- 
son, the Macintosh FPU indexes are referenced against the Mac 
П, while all other indexes are based on the Mac SE. The Macin- 


BENCHMARKS AT A GLANCE 
ee ee a e c cc 


BYTE BENCHMARK INDEXES—WITHOUT MATH COPROCESSOR 


Micro Express ME 386(386/20) 
Gateway 386 (386/20) 
Fortron 386 (385/20) 
гсоз 380 Tower (366/16) 
DataWorld 385 (386/16) 
Spear Mono-3864^ (386/16) 
Norihgate 386/16 
Micro 1 Power 386/20 
Club 386 (386/16) 

Whole Earth 386 (386/16) 
VIPC Micro 386 (386/20) 
CompuAdd Standard-386 (386/16) 
Pacesetier 386 (386/20) 
Suntronics-386 (386/16) 
Blackship 386 (386/165) 
Bus 386 (386/16) 

GCH EasyData 386 (386/16) 
Value 386 (386/16) 

PC Network THE 386 (386/16) 
Unig 386 (386/16) 
Compaq SLT/286 (286/12) 
Hertz 386 (386/16) 

МСА PC916sx (3865Х/16) 
Ogivar 286 Laptop (286/12.5) 
Zenith SupersPort 286 (286/12) 
Mitsubishi MP-286L (286/12) 
Epson Equity LT (NEC V30/10) 
HP Vectra CS Model 20 (V30/7.16) 
NEC MuitiSpeed HD (V30/9.54) 
NEC UltraLite (V30/9.83) 


Application level 


L5 Ee 


BYTE BENCHMARK INDEXES—MACINTOSH FAMILY 


Macintosh Ilex 
Macintosh SE/30 
Macintosh Ilx 
Macintosh Il 
Macintosh SE 


Ca CPU O FPU Disk Video 


tosh indexes should not be compared to the PC indexes. 
Benchmarking can be a tricky business, especially given the 
wide range of methods employed to make systems run faster. 
For the most part, we run the systems intact, testing them the 
same way you would use them—as complete systems. We do 
disable software caching because it steals precious RAM, but 
hardware caching is fair game. We try to test all machines with 
a coprocessor installed. Machines tested without a sor 
are listed separately. The Macintosh benchmarks have been re- 


Macintosh Plus 


Word processing EJ Spreadsheet 


CJ Database 
Scientitic/Engineering СЗ Compiler 


vised since the last update, so the numbers have changed 
slightly. The PC benchmarks have not faced a major revision 
since the December 1988 listing. 

As sysiems continue to stretch the performance curve and as 
the 8048 6s start to appear, the BYTE Lab will be ready with a 
new generation of system benchmarks. Stay tuned. 8 


Stanford Diehl is a BYTE testing editor. He can be reached оп 
BIX as "sdiehl. " ` 
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GSR 286/11 
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Introducing the 
best built, best backed 
286- and 386-based systems. 


Since 1983, CSR has been a leading microcomputer maintenance provider. 
We repair all major brands - IBM! Compaq! and the best-known 
peripherals - for the largest dealer networks and third-party service 
companies nationwide. So when we decided to build our own 286- and 
386-based systems we knew how to make them even better. 


With CSR, you can put your confidence in 2 company that has it all - the 
service, support, performance and IBM compatibility you expect - but at 
prices thai will surprise you. 


The industry’s best À YEAR warranty. 


For the first full year we provide complete on-site service on sl] parts and 
labor. During the second year we'll repair or replace any parts that fail. 
This revolutionary warranty demonstrates the high degree of confidence 
we have in the quality and reliability of our computers. 


Pius, when you call our toll-free Technical Support Hotline you'll be 
connected to a highly-skilled Customer Engineer (CE). Your CE will 
either fix the problem over the phone or dispatch a Service Engineer 
to your site — within 24 hours of your call - for prompt, professional 
problem resolution. 

And whar's best about this CSR-exclusive is that everything is included 
in the price of your computer! 


High performance, not a high price. 


CSR delivers high performance in every machine we make. Our 286/20 
uses an Intel! based 80286 chip that runs at a blazing 20 MHz and 
outperforms most 386-hased machines. 
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After years of fi 


we built 


And unlike some of our competitors, we don't imbed the VGA or disk 
controllers on the mother board - that can [ust lock you out of future 
innovations. Instead, we provide a high-speed VGA controller which 
supports all YGA modes. And a totally IBM-compatible disk controller 
which features the latest in track-buffer technology to boost drive 
performance by an amazing 30% to 50%. 


Compatible with reality. 

You've invested a lot in software. That's reality. So we designed our machines 
to be 100% compatible with all your MS-DOS® and 05/29 software. 
And we know you have software on both 3 1/2" and 5 14” media. 
That's why АЙ CSR computers have both size drives — even the low profile, 
small footprint 286/20 SL. [t's a convenience we've added without adding 
to the price. 

Plus you'll find our high resolution high contrast VGA monitors and 
‘clickable’ keyboard to be consistent with your definition of how a 
computer should look and feel. 


Compatible with your budget. 

You may have computing needs that are incompatible with what other 
computer companies would like you to spend. Tell us the details of your 
needs. Then tell zs your budget. And we'll build you a system that's 
compatible with both. 

So if you want a better built, better backed computer system, compare 
warranties. Compare specifications. Then pick up the phone and call 
us at 800-366-1277. We'll deliver what you need at prices that will 
surprise you. 

Full leasing options available. Rates begin as low as $60/mo. 

We accept MasterCard, VISA and certified checks. 


TThe brands or product names mentioned are Urademarks or tradewrsks of their respective 
holders. MS-DOS and 052 are regitiered trademarks af Microsok Corporation 


Made in the USA 
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CSR 386/25c 


ours better. 


CSR 286/14 
CSR 286/14 SL 
. EE based microprocessor running at 


© | NR RAM io KGB (B MB on the 


* $25" L1 MB 0r 3.5" L+ MB diskene drive. 
* Enhanced 101 tactile "click" keyboard with 
copy holder 20d dust cowr. 
= Socket for inie 80087 oc Which math 
сїз. 
* | parallel, 1 serial port and a Microsoft 
bus mouse port. 


* 8 industry standard expansion slots. ** 
a Power reset switch. 

а Security keylock. 

e AMI bios 

a Beal timc cock with battery hackup. 

» MS-DOS and MS-OS/2 compatible. 

I MB to 16 МВ cf high memory. 
80287 math En 

Siim Hou сфе with one 5,25" amd two 3.5^ 
drive hays accessible. 
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To order, 
please call 


CSR 286/20 SL 
CSR 286/20 
* 80286 Iriel hascd microprocessor running а 


20 MHz, 
* | MB RAM г to 15 MB (8 MB on the 


disk con 


1 раге I serial d a Microsoft 
s à anda | 
баканын А 

e 8 industry standard expansion shota, "" 
“aR БАШЫЛ 


Popular Options 

2 MB to 16 MB of memory, 

20 Mit mah соро 

Slim linc сизе with one 5.25" жні two 3.5" 
drive bays accessible. 
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800-366-1277 


CSR 386/20 


= Intel 50586 Microprocessor romning ar 
20 MHz. 


i * | MB ВАМ expandable то 16 МВ on the 
m board. 


t Page mode interleave memory architécture. 
* Socket foe 20 Mir intel oc Wetek malh 


coprocessor. 
а 525" L3 Mor 3.5" LH MB diskette drive 
© Track hultered high speed disicertz/usrd disk 
conizeüer. 


© Endianced ИЛ tactile "click" keyboard with 
copy holder and dust cover; 

* High speed 16 hit VGA controller. 

* | parallel, | serial a Microsot 
Carat bas mee fon 

© 200 watt power supply, 

* & industry standard expansion slots. 

* Power reset switch. 

* Security keylock. 

” AMI bios. 

* Real time clock with battery backup. 

* MS-DOS and MS-OS/2 compatible. 


| tions 
2 MB to 16 MB expansion memory options. 
25 Miz inte) coprocessor chip. 


Internal or 
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CSR 386/25c 


Microprocessor running 2‏ سک 

© | MB RAM expandable to 6 MB on Ihe 
systemi board. 

with 32K of high speed static RAM Cache. 

+ Page mode interleave memory architecture. 
e Socket for 25 ЫН intei or Week math 


ооргоссхиу: 

e 5.15" L2 NB ac 3.5” LH МВ diskette drive: 

* Track buffered high speed diskette Tard disk. 
controller. 

* Enhanced KW tactile “click” keyboard wit 
copy holder and dus cover: 

+ High speed 16 bit YGA controller. 

* | parallel, 1 serial port and a Microsoft 
compatible hus mouse port. 

* 200 walt power supply. 

* B industry standard expansion siots. 

* Power reset switch. 

e Security деў. 

e Award bios. 

* Bea ume dock with battery Бабсер, 

ә MS-DOS and MS-OG/2 compatible. 

Popular Options 

2 МВ to 16 MB expansion memory options, 

25 MHz Intel coprocessor 

Internal or exiemal tape 
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Computer Systems Research 
We build ours better. 
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IBM SPECIAL ISSUE 


REDEFINING 


THE STANDARDS 


What did and didn't happen, what came and went, 
and what's coming—maybe. . . 


|. @ the cover of the June 

BYTE it says "The Fasr- 
est 386s Ever?" Inside 
are reviews of real PCs 
— running the 80386 chip 
at 33 MHz. That's fast—a noticeable im- 
provement over last year's speed record, 
which was 20 MHz. (Between 20 MHz 
and 33 MHz, you briefly saw 25-MHz 
machines.) For software developers and 
others needing the horsepower—like 
people needing fast LAN servers—33 
MHz is the new standard. 

Meanwhile, Intel announced the 
80486— four times faster than the 80386 
at the same clock rate, with clock rates 
destined to go higber yet—and the 
50860, a supercomputer on a chip that 
can also act as a coprocessor for the 
80386 or 80486. When you see a real 
machine running an 80486 at 40 MHz 
with an 80860 processor, you'll be see- 
ing a PC capable of solid modeling in real 
time. For engineers and designers that 
need such things, this scenario 15 a revo- 
lutionary change. Even though you can 
now get this sort of performance on high- 
end engineering workstations, having an 
affordable PC with these capabilities 
opens a whole new world. 

This year, a fast PC goes at 33 MHz 
and performs about 8 million instruc- 
tions per second. Last year, a fast PC 
went at 20 MHz and ran at 5 MIPS; the 
standards are changing quickly. Now, a 
"big" PC has 300 megabytes of hard disk 
storage, & megabytes of RAM, tape 


Martin Heller 


backup, and 2 CD-ROM drive. In addi- 
tion, a high-resolution PC displays 256 
colors at 640 by 480 pixels, 16 colors at 
800 by 600 pixels, or black and white at 
1280 by 720 pixels, and it prints fonts 
from 6 to 60 points at 300 dots per inch. 
A portable PC can fit into your briefcase, 
with room to spare for your notepad, 
pens, and paperwork. 

During the past few years, AT-class 
computers have become commodity 
items, and PC-class computers have be- 
come inexpensive enough to buy for 
home use. OS/2 caught on among pro- 
grammers, but not enough OS/2 applica- 
tions came out to interest users in the 
complexities—or RAM requirements— 
of a new operating system. Unix got 
ported to the 80386 and started looking 
like a possible competitor to OS/2. Lotus 
1-2-3 release 3.0, dBASE IV, and a lot of 
other software slipped behind schedule. 
DOS 4.0 had so many bugs that few peo- 
ple upgraded from DOS 3.3. 

There's a trend here—the same trend 
that has been characteristic of the com- 
puter industry since 1948: Computers 
keep getting faster, smaller, and less 
expensive. 

Chips on silicon are getting denser and 
faster—but new technology is waiting to 
take over. For instance, RISC chips, 
currently used in engineering worksta- 
tions, are produced both in silicon and in 
gallium arseoide— which can run much 
faster. When this technology becomes 


inexpensive enough for PCs, you'll see 


another round of speed improvements. 
Further on the horizon, quantum transis- 
tors may replace bulk transistors on 
chips, which will lead to even more 
improvement. 


In Search of New Standards 

First, the old standards are still out therc. 
Despite what you read, wherever the 
price matters more than the perfor- 
mance, machines using the 8088 are still 
alive and well. My writing's a good ex- 
ample: 1 may use a 20-MHz 80386 ma- 
chine with a hard disk drive for program- 
ming, but I use a 4.77-MHz 80C88- 
based laptop for word processing. In 
other words, I don't need a Porsche when 
a Hyundai Excel can get me to and from 
the supermarket. 

But there are some new standards. 
IBM's Micro Channel architecture 
(MCA) looks like it might have some 
uses after all. Microsoft Windows seems 
like it's becoming a standard for a graph- 
ical environment. At least 640K bytes of 
RAM per machine is a new standard, 
too. Others include EMS 4.0 and XMS 
(memory standards for expanded and ex- 
tended memory under DOS), as well as 
the virtual-control program interface 
(VCPI), a standard for contro! programs 
and DOS extenders on 80386-based ma- 
chines. Finally, there is OS/2, which 
IBM and Microsoft wonld like to make 
into the standard multitasking protected- 
mode operating system. 


continued 
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Around these standards, there's a 
plethora of products. PCs are packaged 
ау towers, desktops, portables, and 
laptops. Their processors include Intel's 
8088, 80286, 803865Х. 80386, and—in 
thc dream world of announced products 
not yet shipping—the 80486 and 80860. 

Given identical clock rates, an 80286 
is still faster than an 8088. However, the 
clock rate enters the performance equa- 
tion, too. The original PC ran its 8088 at 
4.77 MHz; turbo PCs run the 8088 as 
fast as 10 MHz. The origina) AT ran its 
80286 at 6 MHz—this produced à ma- 
chine that was seven times faster than a 
PC. Improved 80286 chips, including 
the CMOS 80286 variant, are powering 
machines at up to 20 MHz—although the 
garden-varicty AT clone that sells for 
well under $2000 probably runs at 10 or 
12 MHz. Available from [ntel are 80386 
chips rated for speeds of up to 33 MHz; 
at this writing, the first few 33-MHz ma- 
chines are shipping. 

A 33-MHz 80386 running with zero 
wait states pans out at about § MIPS— 
roughly eight times faster than the DEC 
VAX-11/780—for ordinary integer in- 
structions. Without a numeric copro- 
cessor, its floating-point performance is 
still pathetically slow. With a 20-MHz 
80387, it runs at about 220,000 floating- 
point operations per second; with a 20- 
MHz Weitek coprocessor (and software 
to match), it cruises at about 450,000 
FLOPS. 

The 33-MHz 80387, which is not ship- 
ping yet, should run at about 350,000 
FLOPS. The 33-MHz Weitek Abacus has 
just been announced, but it should run at 
about 650,000 FLOPS. For CAD, CAE, 
and scientific computing, the floating- 
point performance of a computer is just 
as important as the integer perfor- 
mance—if not more so. 

The announced 50486 includes the nu- 
meric processing functions of the 80387 
as well as the integer processing func- 
tions of the 80386—and some additional 
advanced features—all on one chip. It is 
expected to run about four times faster 
than an 80386/80387 pair at the same 
clock rate, and Inte] expects to push it to 
higher clock rates. 

Intel has also announced the 80860, 
which can operate as a coprocessor to the 
80486—giving even better floating- 
point, signal-processing, and graphics 
performance. Industry speculation is 
that the 80860 could be the basis of a 
desktop supercomputer. The 80860 pro- 
totype boards in PS/2s have already out- 
performed high-end workstations in 
demos. Tantalizing stuff, but a bit far off 
to affect this year's buying plans. 


Storage, Storage, Storage 

Processor performance is only part of 
the story in computer performance. The 
other part, which, in some applications 
(e.g., accounting), 15 the dominant part, 
is ИО performance. On PCs, there are 
four major flavors of floppy disks— 5 14- 
inch and 34-inch form factors at low and 
high density, giving 360K-byte, 1.2-mega- 
byte, 720K-byte, and 1.44-megabyte ca- 
pacities. All are very slow—10O times 
slower than the slowest hard disks. Hard 
disk drives can have access times as slow 
as 80 milliseconds or as fast as 14 ms. 

Interestingly, the 720K-byte 3'4-inch 
floppy disk was available at the time the 
PC was introduced. But despite its ad- 
vantages, it didn't become widely ac- 
cepted in the PC world until the laptop 
phenomenon took off late last year. Lap- 
tops (despite an FAA threat to ban them 
from airplanes) now seern ubiquitous. 

Transfer speed is just as important as 
access times to a hard disk drive's per- 
formance. Four kinds of hard disk drive 
interface are currently available— modi- 
fied frequency modulation, run-length- 
limited, ESDI, and SCSI. MFM, also 
called ST-506, is the standard; RLL is 
basically MPM with data compression, 
which buys you higher data density and 
faster access at the expense of reduced 
reliability. RLL controllers are recom- 
mended only for RLL-rated disk drives. 
ESDI, a technology that migrated from 
minicomputers to PCs, has a data trans- 
fer rate roughly twice that of MFM hard 
disk drives. SCSI hard disk drives don't 
have a fixed transfer rate—since SCSI is 
a systems interface and not a plain drive 
interface, the drive has enough intelli- 
gence to negotiate transfers with the con- 
troller. The promise of SCSI to give fast, 
inexpensive drives hasn't really been 
fulfilled yet, In head-to-head compari- 
sons, ESDI drives still tend to outper- 
form SCSI drives. But as SCSI drives and 
controllers improve, they'll probably get 
faster than ESDI drives. 

Hard disk drives come as small as 10 
megahytes and as large as 450 mega- 
bytes. It's a good bet that a 10-megabyte 
hard disk drive will have an 80-ms access 
time and an MFM interface, and a 150- 
megabyte or larger hard disk drive will 
have an access time of under 30 ms and 
either an ESDI or a SCSI. Whether ESDI 
or SCSI will dominate the high-end hard 
disk drive market in the future is any- 
body's guess. Most hard disk drive 
manufacturers are hedging their bets and 
are producing larger, faster drives with 
both interfaces. 

For even more capacity, you have to 
switch from magnetic to optical disks. 
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There are three kinds of optical disks: 
CD-ROMs, WORMS (write once, read 
many times), and erasable optical disks. 
CD-ROM disks are read-only digital ver- 
sions of audio compact disks. They hold 
550 megabytes and are inexpensive io 
produce in quantity—mastering a CD- 
ROM costs about $1500, and reproduc- 
ing one costs ahout $2 per platter. CD- 
ROM drives sell for about $700. 

CD-ROMs are coming of age as an 
information distribution medium, with 
about 200,000 CD-ROM drives in the 
field and about 600 titles—including 
worthwhile, readily available applica- 
tions such as Microsoft Programmer's 
Library, the Oxford English Dictionary, 
and Grolier's Electronic. Encyclopedia. 
However, CD-ROM drives are slow com- 
pared to hard disk drives. In addition, 
CD-ROM drive interfaces have not been 
standardized, so it is not possible to 
freely mix CD-ROM drives and control- 
lers. 

WORM drives are a near-ideal medi- 
um for backup and archival storage; their 
higher speed and low mastering costs 
make them a good alternative to CD- 
ROMs for small-audience products. 
WORM gear is expensive, though— 
drives cost about $2500, and disks can 
cost $100 each, so the economics favor 
CD-ROM plus a tape backup. 

The revolutionary change in hard disk 
storage this year has been rewritabie, re- 
movable optical disks—first seen on the 
NeXT machine and announced shortly 
afterward for PCs. 

NeXT-style 256-megabyle rewritable 
magneto-optical cartridges cost $50 for 
the media and $1500 for the drive. Simi- 
lar products announced for the PC list for 
more like $4500. And 20-megabyte 314- 
inch “floptical” disks ($8) and drives 
($250) from Insite Peripherals aiso let 
you “carry your whole world with you." 
While too slow to replace hard disk 
drives, too expensive to use as a software 
distribution medium, and not likely to be 
widely available this year, floptical disks 
look like a good bet to become standard 
equipment on high-end PCs and work- 
stations in the early 19905. 

For backup today, the best storage 
value for your money still comes on tape. 
High-density streaming cartridge and 
cassette tape drives cost about $10 per 
megabyte of storage capacity—for in- 
stance, a 60-megabyte streaming car- 
tridge tape drive goes for about $600; the 
media costs about 50 cents per megabyte. 
And you certainly wouldn't want to back 
up а 150-megabyte hard disk drive onto 
floppy disks. Daily tape backups are 
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FROM InOwut IMPORT Read Wrote; Writebn 

VAR c; CHAR; 
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Adaptive Networks 
Kendall Sq. 

Р.О. Box 1020 
Cambridge, MA 02142 
(617) 497-5150 
Inquiry 881. 


Adobe Systems, Inc. 

1585 Charleston Rd. 

P.O. Box 7900 

Mountain View, CA 94039 
(415) 961-4400 


Inquiry 887. 


Advanced Logic Research, Inc. 


9401 Jeronimo 
Irvine, CA 92718 
(714) 581-6770 
Inquiry 883. 


AGFA Compugraphic 
200 Ballardvale St. 
Wilmington, MA 01887 
(800) 822-5524 

(508) 658-5600 
Inquiry 884. 


A.I. Architects, Inc. 
I Intercontinental Way 
Peabody, MA 01960 
(508) 535-7512 


Inquiry 914. 


Aldus Corp. 

411 First Ave. 5, Suite 200 
Seattle, WA 98104 

(206) 622-5500 

(408) 727-8484 

Inquiry 885. 


Amdek Corp. 

3471 North First St. 
San Jose, CA 95134 
(800) 722-6335 
(408) 436-8570 
Inquiry 886. 


AST Research, Inc. 
2121 Alton Ave. 
Irvine, CA 92714 
(714) 863-1333 


Inquiry 887, 


AT&T Data Systems Group 
100 Southgate Pkwy. 
Morristown, NJ 07960 
(800) 247-1212 

Inguiry 888. 


Fall 1989 » BYTE IBM Special Edition 


REDEFINING THE STANDARDS 


COMPANY INFORMATION 


Autodesk, Inc. 
2320 Marinship Way 
Sausalito, CA 04065 
(415) 332-2344 
Inquiry 915. 


CADKey, Inc. 

440 Oakland St. 
Manchester, CT 06040 
(203) 647-0220 


Inquiry 916. 


Canon USA, Inc. 

1 Canon Plaza 

Lake Success, NY 11042 
(516) 488-6700 


Inquiry 889. 


Compaq Computer Corp. 
20555 SH 249 i 
Houston, TX 77070 

(800) 231-0900 

(713) 370-0670 


Inquiry 899. 


Everex Systems, Inc. 
48431 Milmont Dr. 
Fremont, CA 94538 
(415) 498-1111 
Inquiry 391. 


Hewlett-Packard Co. 
Office Systems Division 
8010 Foothills Blvd. 
Roseville, CA 95678 
(916) 786-8000 
Inquiry 892. 


Hitachi America, Ltd. 
Office Automation Systems 
19530 Cabot Blvd. 
Hayward, CA 94545 

(415) 785-9770 

Inquiry 893. 


IBM 

900 King Dr. 

Rye Brook, NY 10573 
(800) 426-2468 
Inquiry 894. 


Insite Peripherals, Inc. 
2363 Calle del Mundo 
Santa Clara, CA 95054 
(408) 727-8484 

Inquiry 895. 


Intel Corp. 

Personal Computer Enhancement 
tion 

15220 Greenbrier Pkwy. 

Mail Stop C03-04 

Beaverton, OR 97006 

(800) 538-3373 

(503) 629-7369 

Inquiry 896. 


Microsoft Corp. 

16011 Northeast 36th Way 
P.O. Box 97017 
Redmond, WA 98073 
(800) 426-9400 

(206) 882-3080 

Inquiry 897. 


O'Neill Communications, Inc. 
100 Thanet Cir. 

Princeton, NJ 08540 

(609) 924-1095 

Inquiry 898. 


Open Software Foundation 
11 Cambridge Center 
Cambridge, MA 02142 
(617) 621-8700 

Inquiry 899. 


Phar Lap Software, Inc. 
60 Aberdeen Ave. 
Cambridge, MA 02138 
(617) 661-1510 

Inquiry 900. 


Pixar, Inc. 

P.O. Box 13719 

San Rafael, CA 94915 
(415) 499-3600 
Inquiry 917. 


Quadram 

One Quad Way 
Norcross, GA 30093 
(404) 923-6666 
Inquiry 901. 


Quarterdeck Office Systems 
150 Pico Blvd. 

Santa Monica, CA 90405 
(213) 392-9851 


Inquiry 902. 


Rational Systems, Inc. 
220 North Main St. 
P.O. Box 480 

Natick, MA 01760 
(508) 653-6006 


Inquiry 903. 


Sony Corp. of America 
Computer Peripheral Products 


Sony Dr. 

Park Ridge, NJ 07656 
(201) 930-1000 
Inquiry 904. 


TEAC America, Inc. 
7733 Telegraph Rd. 
Montebello, CA 90640 
(213) 726-0303 
Inquiry 905. 


Trans-M Corp. 

28 Blacksmith Dr. 
Medfield, MA 02052 
(508) 359-5144 
Inquiry 906. 


Unix International 

6 Century Dr. 
Parsippany, NJ 07054 
(800) 848-6495 

(201) 263-3400 
Inquiry 907. 


Weitek Corp. 

1060 East Arques Áve. 
Sunnyvale, CA 94087 
(408) 738-8400 
Inquiry 908. 


Wyse Technology 
3571 North First St. 
San Jose, CA 95134 
(800) 438-9973 
(408) 473-1200 
Inquiry 909. 


Zenith Data Systems 
1000 Milwaukee Ave. 
Glenview, Il 60025 
(800) 842-9000 

(312) 699-4800 
Inquiry 910. 


REDEFINING THE STANDARDS 


inexpensive insurance against losing 
your data. 

On the cutting edge of new technology 
are higher-density tapes. For instance, 
TEAC America has a hard disk drive that 
stores 320 megabytes on cassettes. For 
even higher density, look for tape drives 
based on 4-millimeter digital-audio tape 
cassettes, which can hold gigabytes and 
are headed toward being able to handle 
terabyte capacities. Like VCRs, DAT 
drives use helical-scan techniques. Heli- 
cal scan is a diagonal recording tech- 
nique that provides for very high-density 
storage. Under development are cassette 
drives using helical-scan techniques. 

Coming down the pike is digital paper, 
the latest thing in a write-once optical- 
storage medium. Digital paper differs 
from existing WORM media in that it is 
flexible and can be cut, stamped, and 
otherwise made into a variety of prod- 
ucts, including floppy Bernoulli disks 
and tapes (see "Digital Paper," Febru- 
ary BYTE). Its promise is to make small- 
er, faster, and less-expensive WORM 
drives as available for PCs as floppy disk 
drives are today. 


Seeing Is Believing 

The most obvious part of a computer is 
the display; today there are video options 
from monochrome to SuperVGA to spe- 
cialized intelligent display systems for 
CAD/CAM, imaging, and solid model- 
ing. Super VGA systems can display TY- 
quality images; 256 colors from a palette 
of 256,000 gives the illusion of continu- 
ous color, and 640- by 480-pixel resolu- 
tion appears photographic if given an 
image with continuous color. 

With such a system and appropriate 
software, you can display a digitized or a 
synthesized image. Solid modeling or 
rendering software with Gouraud or 
Phong shading, such as CADKey solids, 
can compute and display a convincing 
image of a three-dimensional solid; with 
the addition of Pixar's RenderMan soft- 
ware, the solid can have natural textures, 
and the image can be photo-realistic. 
Autodesk and CADKey have both an- 
nounced support for RenderMan; neither 
has announced when it will be available. 

High-resolution color displays are 
good for more than displaying images; 
Windows, Presentation Manager (PM), 
and a number of other graphical user in- 
terfaces (see "A Guide to GUIs," July 
BYTE) virtually require high resolution. 
The worst-case display for Windows is 
CGA, whose "high" resolution turns out 
to be a less-than-acceptable 640 by 200 
pixels in black and white. On the other 
hand, the right Super VGA card with a 
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multiple-frequency monitor can display 
Windows at 800- by 600-pixel resolution 
with 16 colors for a combined cost of 
about $1000. For about the same price, 
the Wyse 700 termina] displays 1280- by 
760-pixel resolution in black and white. 

High-resolution color images beg your 
hard disk drive, use lots of RAM, and 
stress the system. Even with the com- 
pression built into a format like GIF (for 
graphics interchange format), a 640- by 
480- by 256-pixel color photographic 
image can easily take a quarter megabyte 
or more to store. The sheer size of such a 
file means it will take a while to !oad— 
anywhere from 10 seconds to several 
minutes. Computing such an image with 
even the best rendering software and PC 
hardware available takes the better part 
of an hour, and with run-of-the-mill 
equipment, it's an overnight jab. 

To deal with this problem, there are 
several emerging CD-ROM vision and 
sound standards. Digital Video Interac- 
tive (DVI) uses a highly compressed 
hardware/software scheme to fit an 
hour's worth of fully animated images 
and sound onto a CD-ROM , which other- 
wise would hold only a few minutes' 
worth. 

For less-demanding applications, 
Microsoft, Philips, and Sony have col- 
laborated on the CD-ROM extended ar- 
chitecture (XA), which is a variation on 
current CD-ROM drives that uses an 
adaptive compression chip and an ordi- 
nary CD-ROM drive to combine high-fi- 
delity sound with photographic-quality 
images. 

At the moment, CD-ROM XA demos 
animate an image of a few inches and 
synchronize it with stereo sound: “Talk- 
ing heads" are within the capabilities of 
the technology, but the larger images 
that DYI produces require considerably 
more hardware and are still out of reach. 


Back to the Bus 

The original PC bus carries 8 bits of data 
at a time; the AT bus, also called the In- 
dustry Standard Architecture (ISA) bus, 
carries 16 bits. For slow peripherals, 
such as serial and parallel ports driving 
modems and printers, 8 bits of data com- 
ing from the bus is plenty. For fast disk 
drives, а 16-bit data path helps speed 
things up. However, for very high-speed 
devices, such as memory, even a 16-bit 
bus can be a bottleneck. 

This problem has at least three solu- 
tions. Compaq, ALR, AST, Everex, and 
other manufacturers of high-perfor- 
mance 80386-based machines use a sec- 
ond, high-speed 32-bit bus for memory. 


continued 
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Compaq calls this “flex architecture.” 
The advantage of this solution is high 
performance, but it comes at the expense 
of standardization—memory-expansion 
boards for 80386-based systems are not 
interchangeable. 

IBM's MCA bus supports a rich set of 
bus-control signals, including “bus mas- 
ters." This flexibility means that MCA 
can support multiple processors directly. 
MCA also has enough grounding and 
shielding for a higher bus frequency — 
rumor has it that it can go as high as 80 
MHz, or 10 times the rate of the AT bus. 
Unfortunately for anyone with an invest- 
ment in ATs, the MCA bus is totally in- 
compatible with [SA cards. 

Extended ISA, a rival 32-bit bus stan- 
dard promoted by the "Gang of Nine" 
(Compaq and other rivals of TBM), main- 
tains compatibility with ISA cards. EISA 
members do not propose to standardize 
memory architectures. Instead, they in- 
tend to continue to compete in the area of 
memory subsystems. 


Obsolete Processors? 

Is the 8088 a has-been? Hardly. Even 
though the other Intel processors are 
faster, the 8088 consumes the least 
amount of power, especially in CMOS. 
This makes the 80C88 the obvious 
choice for battery-powered laptops. The 
опе I use runs for 3% hours on a little 
2-amp-hour nickel-cadmium battery. 
And 8088-based computers are inexpen- 
sive enough (under $1000) to be sold as 
home computers. 

Is the 80286 without value? Not if you 
care how much bang for a buck you get. 
AT clones have become commodities— 
you can buy them complete with a hard 
disk drive for well under $2000. If you 
care about multitasking, an 80386 might 
be à better choice, but if you are on a bud- 
get, you can do fine with an $0286. 

Is the 80386SX an idea whose time 
will never come? Not likely. What the 
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CL printers 


are multiplying like gerbils. It isn t 
just that they те cheaper than 
PostScript printers—they 're also 
convenient for PCs since they print 
text without any special settings. 


80386SX chip is good for is making an 
inexpensive computer with the flexibility 
and multitasking abilities of a Full 
80386, but without the performance of 
one. Lots of applications can benefit 
from the 80386's memory management 
capabilities without requiring screaming 
performance—for example, desktop 
publishing. There's enough competition 
between vendors so that an 80386SX ma- 
chine might not cost any more than an 
80286 with the same performance. 

Does anyone really need à 33-MHz 
80386? Well, [ do. Programming Win- 
dows and OS/2 applications exercises a 
computer like nothing else. Rebuilding a 
300K-byte program on an XT used to 
take me 8 hours; now I can do it in about 
15 minutes on my 80386-based ALR 
PlexCache with a fast ESDI disk drive. 


Printers Galore 

I nsed to have a daisy-wheel printer in my 
office. The output was beautiful, but 
when it was running I had to leave the of- 
fice to preserve my hearing. So I re- 
placed this "machine gun" with a near- 
letter-quality dot-matrix printer, which 
wasn't much better; it sounded like an 
air-raid siren. 

А laser printer put an end to this prob- 

lem. ft makes less noise than à copy ma- 
chine while printing immaculate text at 
eight pages per minute. However, at 
prices of about $2000 and up, it's not for 
everyone. One alternative is the ink-jet 
printer. For about $700, the HP DeskJet 
Offers the same 300-dpi resolution as 
laser printers and the same silent opera- 
tion—although at a much slower printing 
speed. 
For desktop publishing, there's noth- 
ing like a PostScript printer. It's true that 
the software packages support the less- 
expensive Printer Control Language 
(PCL) printers, but these printers use up 
lots of disk space for holding download- 
able fonts. 
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Up until this ycar, Adobe had close 
control of the PostScript market it 
created. hi managed this feat by encrypt- 
ing its fonts partlally in the fonts thom- 
sclvcs and partially in the PostScript 
controller. Adobe зә so репы af itc en 
cryption that its president, John War- 
nock, publicly challenged anyone to 
break the scheme. 

Hackers, however, love a challenge. 
Needless to say, Adobe's encrypuon has 
been broken, and it is now offering to li- 
cense its technology. This opens the 
door for printer controllers with ersatz 
PostScript interpreters to use Adobe 
fonts, and for competing type foundries 
to offer PostScript fonts with Adobe en- 
cryption and hints (rules that improve the 
quality of scalable type in small sizes). 

At the same time, PCL printers are 
multiplying like gerbils. It isn't just that 
they're much cheaper than PostScript 
printers—they're also more convenient 
for PCs since they print ordinary text as 
received without any special settings. 
The HP LaserJet and its descendants and 
imitators have sold so well that just about 
all software supports them. 

Because of the success of the HP laser 
printers and because the PCL language 
and font formats have been openly avail- 
able, numerous vendors have produced 
fonts for HP-compatible laser printers. 
[n the last year, Bitstream has revolution- 
ized the font market with FontWare. 
This technology can scale HP fonts to 
any size from 6 to 64 points. 

АП the high-end word processing and 
desktop publishing companies got into 
the act—Lotus started shipping Font- 
Ware with Manuscript, Microsoft in- 
cluded it with Word, WordPerfect in- 
cluded it with its eponymous best-selling 
word processor, end Aldus shipped it 
with PageMaker. At the same time, Bit- 
stream offered a large family of Font- 
Ware typefaces for $199 each. 

Recently, several other type vendors 
have jumped into the fray with their own 
scalable font systems. Of these. perhaps 
the most formidable is Compugraphic. 
Users can only welcome the competition, 
which will undoubtedly bring the prices 
of scalable fonts down to affordable 
levels, 


Many Tasks, Big Tasks, 

or Many Big Tasks? 

One of the most emotional issues in the 
trade press this past year has been the 
merit of and prognosis for OS/2. The 
pro-IBM/pro-Microsoft camp takes the 
religious position that OS/2 is the or- 
dained and logical successor to DOS. 
Doubters and heretics, although divided 
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into camps favoring various alternatives 
to Q5/2, are united in decrying OS/2 as 
fat, incomplete, overambitious, under- 
supported, and, most damning of all, as- 
sociated with IBM. 

At present, OS/2 is an excellent oper- 
aling system that offers little or no bene- 
fit to end users. For a developer, OS/2 
offers robust multitasking, transparent 
memory management, and excellent de- 
velopment and debugging tools. Given a 
choice between trying new code under 
OS/2 or under DOS, I'll always choose 
05/2. Under 05/2, the bugs show up at 
the instruction that caused them, instead 
of, under DOS, resulting in a hung ma- 
chine and possibly a corrupted disk 
directory. 

For an end user, OS/2 offers only po- 
tential. Too many of the currently avail- 
able applications for OS/2 are little more 
than ports of DOS or Windows applica- 
tions. In some cases, they are better or 
faster or have bigger workspaces than 
under DOS; in other cases, something 
has been lost in the translation. Mostly, 
this situation is a matter of immaturity. 
OS/2 (and, in particular, PM) is still an 
infant system, with little user and soft- 
ware base. 

Up until the beginning of the summer, 
for instance, the only PM printer driver I 
had was for an IBM dot-matrix printer; 
now I have a full set of Epson printer 
drivers and a PostScript driver. The ge- 
heric driver with HP LaserJet support is 
coming—you guessed it—rea! soon. 

Unix is much more mature, but it was 
designed by programmers for program- 
mers. OS/2 demands at least 8 megabytes 
of space on your hard disk drive, and its 
GUI, PM, comes standard with the sys- 
tem. Unix demands at least 32 mega- 
bytes, and it has several competing 
GUIs, none of which is standard. Of 
these, OSF/Motif (from Open Software 
Foundation) has the virtue of interopera- 
bility with PM and the backing of over 
100 of the players in the Unix market. 
But Open Look has the backing of both 
Unix originator AT&T arid Unix Interna- 
tional, the rival consortium to OSF. 

While Unix and 05/2 both offer full- 
blown multitasking and virtual memory, 
most of the DOS-based alternatives offer 
only one or the other—and sometimes 
neither. DOS extenders, such as Rational 
System's DOS/16M (used by Lotus for 
its 1-2-3 release 3.0), offer access to all 
the extended memory in your machine, 
up to the 80236's addressable limit of 16 
megabytes of RAM. This is a big im- 

t over DOS's 640K-byte limit, 
but it won't let you run a 20-megabyte 
program in 4 megabytes of RAM like a 


virtual memory system will, 

Phar Lap's 386| УММ is a full-blown, 
paged virtual memory system that runs a 
20-megabyte program in 4 megabytes of 
RAM but it is limited to pricey 80386- 
based systems. And neither Phar Lap's 
product nor Rational System's allows 
multitasking. А.І. Architects has a prod- 
uct that does both DOS extension and 
multitasking—but only if you buy its 
HummingBoard, which is essentially an- 
other computer. 

DESQview allows multitasking, but it 
won't permit a single application to use 
more than 640K bytes of memory. Win- 
dows/386 allows multitasking of DOS 
and Windows applications, but, again, 
DOS applications can't have access to 
more than 640K bytes of memory, and 
the memory management used by Win- 
dows applications is somewhat limited 
and incurs a large overhead. To give you 
an idea of how much overhead, consider 
that when Windows 2.1 increased the 

available to Windows programs 
by a mere 60K bytes, PageMaker and Ex- 
cel both ran three times faster. 

Windows applications are, in fact, 
very similar to PM applications. One 
paradoxical result of the marketing push 
behind OS/2 and PM has been that Win- 
dows under DOS has flourished like 
never before. Microsoft is now shipping 
more copies of Windows than Apple is 
shipping Macs; somehow, I don't think 
that was what IBM intended. 


When Is a PC Not a PC? 

It is a tribute to the power of 20 million 
PCs and the applications that run on 
them that most workstations and mini- 
computers support virtual PCs. They 
support them in two ways: with a PC 
board or with PC-emulation software. 

At the same time, high-end PCs arc 
trying to be workstations and minicom- 
puters. What's the difference between a 
PC and a workstation? It's not just the 
nameplate. Workstations come with big 
displays, lots of RAM and disk space, 
Bthernet built in, and specialized soft- 
ware. The very word workstation denotes 
connectivity. The phrase personal com- 
puter denotes isolation and autonomy. 

Workstation vendors are quick to tel! 
you that their systems and applications 
software make as much difference as 
their hardware. Workstations generally 
run Unix or something similar and al- 
ways have a GUI; the mouse and graphics 
display come standard. Intense engineer- 
ing applications, such as printed-circuit- 
board routing, take advantage of all 
workstation features: gobs of memory, 
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Actual Screen—132 Columas 


Qut tg see up to 8 times more 
ZOOM information on a single screen 
with inView'"—Ihe high speed file viewer. 


Now use the full potential of your EGA or VGA 
to see multiple pages, with a single keystroke! 


W multiple documents at the same 
VIE time with adjustable dual windows. 


Advanced search and mouse support makes 
document navigation a snap. It's simple to use 
since it can mimic common key tunctions of 
other software packages. 

graphic techniques provide faster 
FAST operation than most text based 
products. inView is written entirely in assembly 
language for the ultimate in performance. The 
result is blinding speed, on any machine! 


WORKS ғо ano сотраныв. 


withoul device drivers. Not copy protected. 


Typical Screen Capacity 


* Alt combinations oi columns and rows may qot 
be possible on some aquipmani. 


InView $69” 


роии & Handing USA $3: Canada Mexico $10, Other Canines 
$15, CA Piewdents add sales Uc Vie /MatierCard^CO0 accepted 


For orders or information call: 


1-800-662-8266 


V COMMUNICATIONS, INC. 
3031 Tisch Way, Suite 802, Dept. BYT 
San Jose, CA 95128 (408) 296-4224 
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Control Your 
Presentation 


with 


SilentPartner 
Only $349.00! 


SilentPartner. the first universal 
handheld remote keyboard, is the 
most powerful, easy to use, reli- 
able and compatible wireless con- 
troller for PCs. Use SijentPartner 
for presentations, training, meet- 
ings, briefings or any other PC- 
PS/2 remote control application. 


UNITED PRODUCTS 
PHOJRGTED SALES ҮЕ (ЛИТЕ 


* Use with any LCD panel 
or video projector 


e Plug into keyboard (по soft- 
ware driver!) or serial port 


^ Easy to program and use 


works reliably with 
virtually all software for the PC, 
even OS/2 and UNIX. Silent- 
Partner can enter all keyboard 
commands and adds the power of 
macros to any program! Imagine, 
presenting with any software, free 
fram the keyboard! You have all 
the parts of a great computer 
presentation system except the 
one ihat puts you in control... 


SilentPartner 
800-888-9281 


Presentation Electronice Incorporated 
4320 Anthony Court. 86, Rocklin, CA 95677 
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scads of disk space, plenty of pixels, 
transparent networking, and x GUI. 

GUIs are necessary features on a 
workstation for many reasons. To begin 
with, they look good. Don’t discount vi- 
sual appeai—it makes a big difference in 
your attitude if you're looking at some- 
thing attractive. In addition, GUIs are 
easy to learn and easy to use. Then throw 
into the GUI's feature/benefit statement 
the advantage of interoperability among 
different computers and operating sys- 
tems, and you have some rather compel- 
ling reasons for mice and windows. Once 
you have learned to use Microsoft Win- 
dows, for instance, you'll find that you 
already know how to use OSF/Motif and 
05/2 PM. 


To LAN, or Not to LAN? 

PC LANs have begun to seriously chal- 
lenge minicomputers as the best host for 
multiuser applications. You would think 
that computers would be cheaper by the 
dozen, but when you have to wire them 
together, the costs add up quickly. 

Consider that the file server is prob- 
ably a 25- or 33-MHz 80386 machine 
with at least 6 megabytes of RAM and 
300 megabytes of hard disk space. It 
needs an uninterruptible power supply to 
avoid file and database corruption prob- 
lems; its software costs anywhere from 
$2000 to $8000; and its network cards 
and wiring are likely to run $500 per 
workstation. LANs may be cheap com- 
pared to minicomputers, but they can be 
pricey compared to stand-alone micro- 
computers, even considering the savings 
gained by sharing peripherals. 

One way to cut the cost of a network is 
to use diskless workstations. MIS man- 
agers love this solution—it gives them 
back the contro] they lost when PCs 
started taking over from big iron. But à 
user on a diskless workstation is totally 
dependent on the availability of the file 
server. One little disk problem, and you 
have 50 people telling customers, "I'm 
sorry, I can't help you right now—the 
system's down." 

Another way to reduce the cost of a 
network is to eliminate the file server. 
However, in the process, you lose some 
performance and features. OS/2 LAN 
Manager, while it embodies a client- 
server model, can be set up with servers 
running as tasks on workstations. Trans- 
M is one firm that makes a peer-to-peer 
network, also known as a zero-slot LAN. 

There are some modems that now let 
PCs communicate through wall sockets. 
You can plug your computer in, unplug 
it, move it, and plug it in again; it will 
still be able to communicate with other 
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PCs equipped with this type of modem. 
Adaptive Networks is one of the campa- 
nies that make this type of modem. 

A relatively new wrinkle on the whole 
LAN concept is to eliminate the wires ul- 
together, O'Neill Communications has 
developed a wireless LAN that uses a 
high-frequency radio to communicate 
between network nodes. The local-area 
wireless network is designed primarily 
for workgroups with as many as 20 users 
who want to share peripherals, such as 
laser printers or modems, to transfer 
tiles, and to send and receive E-mail. A 
LAWN doesn't allow file sharing, and its 
Operating system won't support client/ 
server applications. 

Although the $495 cost per node of a 
LAWN is higher than most low-end or 
zero-slot LANs, which run as low as 
$100 per node, O'Neill Communications 
claims that the savings from not having to 
wire up a network more than compen- 
sates for the difference. 


The Yellow Brick Road 

What's happening in IBM’s Oz? If you 
look down the vellow brick road, you'll 
see faster, smaller, and less-expensive 
PCs. You'll also see standardized win- 
dow-icon-mouse-pixel interfaces across 
all computing platforms and operating 
systems, and transparent data exchange 
among different brands of computers, 
whether they run DOS, OS/2, Unix, 
VMS, or Pick. Along with optical-stor- 
age facilities, helical-scan tape backup 
devices will become popular. 

But if the past is any guide, you're in 
for some surprises. What will be the next 
new application area for PCa—next 
year's equivalent of desktop publishing 
or distributed databases? 

The most striking thing about PCs this 
year, though, isn't how fast they run or 
how portable they are or how much 
graphics resolution comes in how many 
zillion colors or how they network; it's 
something much more subtle. PCs have 
done more than join the mainstream of 
computing; by their very numbers and 
practical importance, they have become 
the mainstream of computing. PCs 
aren't "toys" beneath the contempt of 
MIS and corporate computing managers 
anymore. PCs are an essential, ubiqui- 
tious part of the computing toolkit in 
businesses large and small, in academia, 
in science and engineering, and in pub- 
lishing. 8 


Mariin Heller develops sofiware and 
writes about technical computer applica- 
tions. He holds a Ph.D. in physics. He 
can be reached on BIX as "mheller. " 


Now Available 

A ctiv ato гм IM 
with 
Programmable 4 


| Memory y >» 


Software Developers 


Natural selection provides unique 
passive protection for the porcupine. 


The Activator - Natural Selection 


inventor and entrepreneur 
Dick Erett expiains haw 
"The Activator” provides 
sane protection for your in- 
tellectuai property. 


ССИ n any industry, just as in nature, the 
I process of natural selection raises one 
solution above another. Natural selection is 
the most elegant of engineers. 


In the area of software protection The 
Block has been selected by the market- 
place as the solution that works. Over 
500,000 packages are protected by our 
device. 


For the past 4 years our philosophy has 
been; ‘You have the right and obligation to 
protect your intellectual property.’ 


A New Ethic For Software 
Protection 


In allowing end-users unlimited copies 
of a software package and uninhibited hard 
disk and LAN operation, The Block has 
created a new ethic for software protec- 
tion. 


By removing protection from the 
magnetic media we remove the constraints 
that have plagued legitimate users. 


They simply attach our key to the 
parallel port and forget it. It is totally 
transparent, bul the software will not run 
without it. 


A New Technology For 
Software Protection 


Our newest model, The Activator, builds 
on our current patented design. and 
establishes an unprecedented class of 
software protection. 


We have migrated and enhanced the 
circuitry of The Block to an ASIC (Appli- 
cation-Specific Integrated Circuit) 
imbedded in The Activator. 


This greatly improves speed and 
performance, while reducing overall size. 
Data protection can also be provided. 


Programmable Option 


The Activator allows the software 
developer the option to program senal 
numbers, versions, or other pertinent data 
known only to the developer, into the 
circuit, and access it from the program. 


Once you program your part of the 


chip, even we have no way to access 
your information. 


The ASIC makes emulation of the device 


Circle 239 on Reader Service Card 


For Software Protection 


virtually impossible. It also presents 
an astronomical number of access 
combinations. 


Full 100% Disclosure 


Since The Activator is protected by our 
patent we fully disclose how it works. 
Once you understand it, endless methods 
of protection become evident. 


Just as no two E Mm 
snowflakes are the | = 
same, no twoim- : | = ще 
plementations of | 
The Activator 
are identical. 
And like the 
snowflake the 
simplicity of 
The Activator is its greatest iii 


We never cramp your programming style 
or ingenuity. Make it as simple or compli- 
cated as you desire. 


Let us help safeguard what's nghtfuliy 
yours. Please call today for additional! 
information or a demo unit. ffs only 
natural to protect your software." 

1-800-333-0407 ext.105 


In Connecticut 203-329-8870 
Fax 203-329-7428 


870 High Ridge Road 
Stamford, CT 06905 


Unlimited Copies« Programmable e No Batteries e Small Size e Fast e Patented e Data Protection 


STANDARD 150 $69 


Economical This UL approved, fully tested 
unit is one of the best generic 150s available. 
Ideal for basic systems. 


SILENCER 150 $129 


Ulera-Quiet Stop that irritating whine wich 


the Silencer 150. Its large, low speed, West 
German fan keeps your system 5° to 15° cooler 
and 84% quieter. Virtually inaudible! Great in 
the executive suite or home office. 


TURBO-COOL 150 $149 


High Performance Upgrade your PC/XT 


with our popular, UL approved "Turbo-Cool 
150. Its patented cwin fan, sloped-cover design 
keeps your system 25° to 40° cooler and 50% 
quieter. Prevents intermittent data errors and 
other heat-related problems. Meets the 
demands of г fully loaded system. 


TURBO-COOL 200 $189 


Maximum Performance Pur AT power and 


200% more cooling under the hood of your 
PC/XT with our UL approved Turbo-Cool 
200. Its twin fans keep your system 30° to 45° 
cooler for maximum expandibility. Perfect for 
hot rod PCs and Mini ATs! 


йөкли, Turbo Coed, мий Табо DU ee ee 


. AT/TOWER 


STANDARD 200 $99 


Economical This UL approved, fully tested 


unit is one of the best generic 200s available. 
Ideal for basic systems. 


SILENCER 200 $149 


Ultra-Quiet Unrattle your nerves with che 


Silencer 200. Its high-efficiency, adjustable- 
speed fan offers 69% less noise with standard 
cooling. Quieter than most hard drives. Great 


in the executive suite or home office. 


TURBO-COOL 250 $189 


High Performance Protect your investment! 


Upgrade your AT/386 with our powerful, UL 
approved Turbo-Cool 250. Its high-capacity, 
adjustable-speed fan keeps expansion cards, 
hard drives, and other valuable components 20° 
to 35" cooler for up to three times longer life. 
Perfect for a fully loaded system. 


TURBO 375 $299 


Maximum Performance The choice of PC 


professionals, our Turbo 375 is perfect for 
workstations and necwork file servers. Includes 
line conditioning, independent regulation, 
external DC voltage adjustment, remote switch 
provision, enhanced cooling, UL approval, 
50,000 Hr MTBF and 2-year warrantly, PC 
Magazine’s technical excellence finalist! 


гу A a’ 
( С \ МР. A ў 1 | 
| ( )! L¥ ait AW 


CP160 $169 


Original Portable Upgrade Give your 
Portable greater reliability and 100% more 
power with our direct replacement CP160. 
Allows 286, 386, and hard disk upgrades. 


CD270 $249 


Deskpro Upgrade The power user's power 
supply! Our direct replacement CD270 gives 
your 8086/286/386 Deskpro up to 70% more 
power and the reliability it deserves. Prevents 
nuisance rebooting, Advanced design includes 
autoselect 110V/220V. 2-year warranty. 


Our power supplies feature: 
* Full-rated 

* UL/FCC jin: MA 

e 110V/220V input 

* 4 drive plugs (5 for Turbo 375) 
* Heavy-duty components 

* Low ouput ripple 

* OVP OCP SC protection 

* [nstallation instructions 

* Rigorous 


testing 
* ]-year immediate replacement warranty 
(2 years where noted) 


“You could buy cheaper no-name 
power supplies almost anywhere, but 
don’t. PC Power and Cooling's units 
are better made and more reliable than 
anything in the field." 


PC/Computing 
January, 1989 


PC POWER & COOLING, INE. 


31510 Mountain Way, Bonsall, CA 92003 * (619) 723-9513 + FAX (619) 723-0075 
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IBM SPECIAL ISSUE 


THE 80486: 


A HARDWARE 
PERSPECTIVE 


By putting the math coprocessor and cache controller on-chip, 
Intel shows that the whole can be greater than the sum of its parts 


y now, you probably 
know that Intel's 80486 
consists of а “souped- 
up" 80386 processor, an 
enhanced 80387 copro- 
cessor, an integral cache controller, and 
8K bytes of static RAM (SRAM) all 
rolled into a 1.2-million-transistor pack- 
age. You've probably read and reread all 
the marketing explanations and rationale 
behind the 80486 (see the text 
box "The Economics of Per- 
formance" on page 68). But 
have you thought about the 
real aspects of constructing a 
well-behaved, high-perfor- 
mance AT system around the 
80486? 


On the Pins 

A comparison of the 80386 
and 80486 pin-outs reveals 36 
more pins on the 80486. Some 
extra pins provide more 
power connections to the de- 
vice, some allow the proper 
use of the newly integrated 
caching and coprocessor ele- 
ments, and others can be con- 
sidered outright new features. 
Many have been left as “‘no- 
connects” —pins that you can 
truly leave unconnected—that 
will be available to future 
software development tools or 
to provide a method for spe- 
cific manufacturing circuit 


ILLUSTRATION: CLAUDIA TANTILLO € 1969 


Ron Sartore 


testing or programmability. Because 
Intel has not publicly defined the 16 no- 
connect pins, system designers and de- 
signers of printed circuit board layouts 
can immediately say: "Our project is al- 
ready 10 percent done.” Unfortunately, 
completion of the job comes with more 
difficulty. 

Table 1 shows the pin-out differences 
between the 132-pin 80386 and the 168- 


pin 80486. The designers eliminated 
four of the 80386's pins, added 20 pins to 
allow for integrated and new features, 
and threw in 19 inert logic pins. All the 
remaining 129 pins can be considered 
logically identical. I guess that makes the 
project 88 percent complete now (129 + 
19 / 168 = .88 ). Piece of cake. The text 
box “The New Pins on the Block" on 
page 70 provides a short description for 
each new signal. 


What's New? 
It may be instructive to think 
of the 80486's new features as 
three different kinds of 
"hooks": cost-reduction/ 
convenience hooks, perfor- 
nance-improvement hooks, 
and future hooks. Some of the 
new features hit combinations 
of these. The easiest new sig- 
nal to categorize is the pin 
that identifies transfers to an 
EM — 8-bit device (the /BS8 pin). 
> This pin is an obvious cost-re- 
duction/convenience feature 
because it enables the 80486 
to recognize and adjust itself 
to devices that can accept only 
8-bit transfers. 

On the other hand, the sig- 
nals involving bus ownership 
and control (there are three of 
these) in conjunction with the 
six pins used tc manage the 

continued 
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The Economics of Performance 


I f the laws of supply and demand con- 
tinue to function as they have in the 
past, you may be able to purchase an 
80486 system for less than some compa- 
rably configured 33-MHz 80386 sys- 
tems. When you total the cost of a 33- 
MHz 80386 CPU, a 33-MHz 80387 
math coprocessor, and a 33-MHz 82385 
cache controller chip, you come up with 
$991. That's $41 more than the cost of 
the 25-MHz 80486 chip. The compari- 
son becomes even more lopsided when 
you consider that the 33-MHz 80386 de- 
sign requires expensive static RAM and 
glue logic that raises the ante even more. 
It becomes laughable when you consider 
the difference in performance. 

It’s interesting that Intel should ini- 
tially price the 80486 chip lower than a 
not-so-comparable 33-MHz 80386 chip 
set. Intel certainly knows that the 80486 
is considerably faster and has more fea- 
tures, and that PC manufacturers will 
gladly pay a premium for it. From a cost 
point of view, 80486 systems should sell 
for less than 80386 systems. From a per- 
formance and functionality point of 
view, 80486 systems should sell for 
much more. Intel has provided the best 
of both worlds: relatively low cost and 
high performance. Eventually, supply 
and demand will correct this odd situa- 
tion, presumably by reducing the mar- 
ket price of the 80386 chip sets. 


What's the Cost? 
You may reasonably ask, “If the cost of 
the 80486 chip is less, will an 80486 


80486's cache appear to contain all the 
essential ingredients to construct multi- 
ple 80486 machines. The implicit soft- 
ware development needed to take full ad- 
vantage of such a hardware-concurrent 
architecture is realistically five to 10 
years in the future. (If that sounds pessi- 
mistic, look at how far protected-mode 
code for the 80286 and 80386 has gone!) 
See the text box “The BIOS Challenge" 
on page 72 for more details on utilizing 
the 80486. 

The "new-feature" pins that provide 
for a significant (though subtle) perfor- 
mance advantage—ignoring the cache 
and coprocessor—are the ones associated 
with the parity path and the address bit 
20 gating. ГІЇ go into the details of how 
the parity path and address A20 gate in- 


Genc Sumrall 


system cost less?” Based on Intel's inl- 
tial pricing of the 25-MHz 80486 and 
the 33-MHz 80386 chip sets, it appears 
that the answer is yes. There is, how- 
ever, a small problem. 

The first 80486 chips wil] be in short 
supply. If Inte] distributes them in the 
same way that it did the 80386 chips, 
initial shipments will go exclusively to 
the major PC companies and large dis- 
tributors of PC components. If history 
repeats itself, the first 80486 systems 
may list for more than $15,000. As the 
volume of 804B6s increases, shipments 
will find their way to the smaller, more 
competitive PC companies, and that's 
when you should see an interesting 
phenomenon. 

Assembling a hypothetical $15,000 
80486 system, dollar by dollar, should 
prove instructive. The CPU will cost 
$950, a price set by Intel. An 80486 sys- 
tem board, iess CPU and memory, 
should have a street value of about 
$2750. Add in $800 for 4 megabytes of 
memory, and you stil] have $10,500 left 
to spend. A case, a 250-watt power sup- 
ply, and a quality keyboard will cost an- 
other $400. Then you include the stan- 
dard 1.2-megabyte floppy disk drive, 
and, while you're at it, add a 1.44- 
megabyte floppy disk drive just to be 
safe. With a 100-megabyte ESDI hard 
disk drive and a 1-to-1 interleave con- 
troller, this adds about $1400. 

You now have $8700 left. A quality 
14-inch VGA multisync monitor and 
VGA adapter card should be no more 


crease the system's performance later in 
the article. 


À History of Memory Demands 

Back in 1985, when the first volume 
shipments of zero-wait-state memory 
add-ons for the AT became available, 
users would ask: "What's a wait state?" 
Today, performance is recognized to be 
gauged almost solely on the number of 
wait states between the processor and the 
memory subsystem. Yet the wait-state 
question is still as valid (and more com- 
plex) today as it was then. 

In 1985 the processor of distinction 
was the 80286 (and then only at 6 and 8 
MHz). The 80286, with its coarse clock 
granularity, made zero-wait-state opera- 
tion relatively straightforward (i.e., an 8- 
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than $630. And now the hard pari: You 
must find an adapter board with two 
serial ports and one parailel port for 
less than $8050. If you can find one for 
about $45, you have succeeded in build- 
ing a base model 80486 for $6995. This 
is less than some comparably config- 
ured 33-MHz 803865. 


Family Planning 

When Intel introduced the 80486, it 
made a promise to the PC world that 
went something like this: “If you de- 
velop operating systems amd software 
for the 80386 instruction set, you can 
depend on having a solid platform for 
the next 10 years and beyond." Every 
major hardware and software company 
in the industry has given the Intel 80386 
instruction set its blessing. Predicting 
the future of the PC industry has never 
been easier—it will be based on the 32- 
bit 80386 instruction set. The least com- 
mon denominator has been defined. 

Predicting the obvious is easy; con- 
verting that knowledge into a purchas- 
ing strategy for the 1990s is the hard 
part. Perhaps I can help here. You can 
immediately eliminate any processor 
that does not have the ability to run the 
80386 instruction set. Then your choice 
is between three members of the Intel 
family of 80386-based chips. 

The baby of the family is the 16-MHz 
80386SX, previously known as the P9. 
Think of the 803865Х as а fast 80286 
chip that has the ability to run 32-bit 
80386 code at a miserably slow pace. If 


MHz 80286 would require a memory ac- 
cess to be complete within 125- 
nanosecond clock increments—125 ns, 
250 ns, and 375 ns correspond to zero, 
one, and two wait states, respectively). 
Late in 1986, 80386 processor systems 
emerged with 16-MHz clock speeds. 
Now wait states were measured in incre- 
ments of 62.5 ns, and systems were un- 
able to achieve true zero-wait-state per- 
formance using conventional DRAMs. 
Many (somewhat unethical) suppliers, 
attempting to boost their 80386 specifi- 
cations, claimed (wrongly) that they 
were running zero wait states when in 
fact they were running with one or two. 
Actually, they were using the 8-MHz 
80286 as the yardstick. Their fear was 
that if they advertised their machines as 
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you are absolutcly certain that you will 
continue to run primarily DOS, with a 
few OS/2 applications mixed m, the 
80386SX could be a possible choice. 
Like the other members of the 80386 
family, the 80386SX has the ability to 
simulate EMS 4.0 in extended memory. 
No special expanded-memory boards 
are required; software does the trick. If 
you use programs such as DESQview or 
Lotus 1-2-3, this could be justification 
for purchasing the 80386SX as opposed 
to a fast 80286 system. But when you 
consider that a true 32-bit 80386 system 
costs only a few dollars more, the 
803865Х is not your best choice. 

The true 32-bit 80386 (the DX series) 
is available in four flavors: 16-MHz, 
20-MHz, 25-MHz, and 33-MHz. Sys- 
tems based on the 16-MHz and 20-MHz 
versions of the 80336 series are obvious 
winners in the low-end 80386 market- 
place. They offer exceptional value as 
compared to Ше 803865X at about the 
same price. It is reasonable to expect 
that, in time, the prices of 25-MHz and 
33-MHz chips will drop and that they 
will take the place of the slower chips. 

It’s a given that the 80486 will domi- 
nate the high end of the PC market be- 
cause it has no competitors. If you are 
thinking of buying a 25-MHz or 33- 
MHz 80386, you should now seriously 
consider the 80486 as an option, 


Gene Sumrall is cofounder of Cheeiah 
International, inc., in Longview, Texas. 
He can be reached on BIX c/o “editors, " 


executing at anything but zero wait 
states, the machines would have been 
perceived as running slower than a no- 
wait-state 8-MHz AT clone. 

AS Intel improved clock speeds on the 
80386, the memory speed demands ex- 
ceeded the capabilities of conventional 
DRAM architectures. Following the his- 
tory of mainframes, main-storage 
SRAM caches became common in high- 
speed 80386 systems. These high-speed 
SR AM caches were able to achieve zero- 
wait-state operation most of the time. 
Many benchmarks ran as never before, 
yet not all applications reflected the im- 
provement indicated by the benchmark. 
Why? Well, ignoring applications that 
were truly I/O bound, certain applica- 
tions kept thrashing the cache, and the 


job of keeping the contents of the fast 
SRAM valid fell right back an good ald 
DRAM. 

From table 2 (which represents an op- 
limistic, high-performance implementa- 
tion). it is apparent that many so-called 
zero-wait-state systems аго reading a dif- 
ferent spec sheet than Intel's. Table 3 
shows a similar comparison for both the 
25- and 33-MHz 80486. 


The Burst and the Pipeline 

The major memory-access difference be- 
tween the 80386 and 80486 (excluding 
the 80486's on-chip cache) is pipelined 
versus burst operation. The 80386 has a 
feature called “pipelined access" that 
was not fully utilized by most systems or 
entirely effective in some situations. 
Pipelined access presented the address of 
the next access—if available and at the 
system's request—so that memory could 
have a head start on that next access. À 
good concept, yet it appears that it was 
often utilized only to keep the 80386's 
instruction prefetch buffer full, (The in- 
struction prefetch buffer assumed that a 
series of linear sequential addresses 
would be the next required code and tried 
to maintain four words resident within 
the chip.) Often this effort proved to be 
nothing more than memory busywork, 
thus creating the undesired side effect of 
keeping the DRAM system in a nonopti- 
mal situation for fast access. Pipelined 
memory writes were also hampered by 
not having the data until after a pending 
read was completed. (The pipelined 
write could not proceed until the data 
from a preceding pipelined read left the 
data bus.) The perfect hurry-up-and- 
wait scenario. 

Armed with 20/20 hindsight, Intel 
saw that the intended function of the 
80386's instruction prefetch buffer was 
nothing more than a poor man’s cache. 
Put the cache on-chip, chuck the prefetch 
mechanism as we know it, and—voila— 
instant 80486. As to the pipeline mecha- 
nism, it’s a good concept (maybe pipe- 
lined bursts are to come on the 80586), 
yet in the 80386 implementation it still 
took two clock cycles per transfer, 
whereas the 80486 burst mode takes only 
one. To state it simply, the 80486 burst- 
transfer mechanism represents a twofold 
increase in data transfer rates over the 
equivalent 80336 clocked approach. 

Burst mode, an oid mainframe bus 
technique, rightfully assumes that most 
of the delay in accessing main storage is 
in the connection time to retrieve a spe- 
cific data address. Once the initial access 
occurs, adjacent or neighboring data is 
readily available without the formal pro- 


Table 1: Pin changes for the 
80486. The total of added pins 
yields 30 four nine more than 
capecied —wnill the defunct 80286 
pins are removed. 


New feature pins 


Parity path 

Burst transfers 

AT AZO emulation 

8-bit bus interface 

Bus ownership and control 


New "torced-feature" pins 
Cache controller 
Coprocessor 


New inert pins 


Dropped 80366 pins 
No pipelining 
Coprocessor/ 

CPU interconnect 


locol required of the first access. You 
may recognize the burst concept under a 
different name: nibble mode, video 
RAM, page mode, or any block transfer 
mechanism. Even disk drives have en- 
dorsed this technique, albeit under the 
name "multiple sector transfers." Mem- 
ory bandwidth is greatly enhanced by 
this concept. 

À quick calculation of the system's 
memory speed requirements to support 
the 80436 burst mode reveals an amaz- 
ingly obvious memory architecture. 
Given that the chip has one clock to 
transfer data to and from memory and 
that the preferred memory device would 
be DRAM, how can you utilize the rela- 
tively slow and less expensive DRAM? 
Remember, the 80486 already has an on- 
chip SKAM cache. 

The answer lies in the fact that a key 
element of bandwidth is width. Even for 
the 33-MHz 80486, true zero-wait-state 
burst cycles can be achieved by using 
DRAM. This is possible by structuring 
the 80486 main memory as 64 bits wide. 
The initial access to the memory requires 
only one truc wait state, while the subse- 
quent accesses are already present. The 
third and fourth accesses of the burst 
each then utilize the clocked page-mode 
mechanism to achieve zero wait states. 
The iriplementation of this approach is 
not difficult or unwieldy, and a 60-ns 
DRAM array organized in a 64-bit-wide 
architecture is capable of achieving a 

continued 
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The New Pins on the Block 


еге" a list of the 80486 proces- 

sor's new pins. They are catego- 
rized by function, with descriptions of 
what they'll mean for upcoming sys- 
tems built around the 80486. 


Parity Path 

DPO-DP3: The four parity data path 
(I/O) pins allow less external logic and 
faster memory interface than on the 
80386. 


/PCHCK: The parity checker output pin 
signals a parity error and emulates the 
AT memory parity-check function. 
Note that the system must decide wheth- 
er to pay attention to this error. For ex- 
ample, RAM on video boards carries no 
parity component and so will likely gen- 
erate a parity error that the system can 
ignore. 


Burst Transfers 

/BRDY: The burst-ready input pin indi- 
cates that the current cycle is complete 
and that the system will assume data 
transfer in the next clock cycle unless 
signal /BLAST is presented. 


BLAST: The burst fast output signifies 
that burst-transfer mode is done. 


AT A20 Emulation 

/A20M: This input is the address bit 20 
| mask. When the system asserts /A20M, 

address bit A20 from the CPU is forced 

low (under 1 megabyte). This function 

was previously implemented by the AT 

to maintain 8086 compatibility. 


8-bit Bus Interface 

/BS8: The system board provides the 
bus size & bits input signal in response to 
a transfer request when the desired sys- 
tem element can execute only 8-bit 
transfers. On 80286 and 80386 proces- 


sustained processor/memory transfer 
rate of over 88 megabytes per second in 
burst mode. 

Here's how it works on the 80486 
using DRAM (organized for a 64-bit- 
wide data bus): 


sors Ihis function was handled through 
external hardware. 


Bus Ownership and Control 

BREQ: The bus request output signal 
indicates that the CPU needs the ad- 
dress/data bus. BREQ lightens the task 
of designing well-behaved multiple-pro- 
cessor systems. 


ВОҒЕ: With the back off input, an ex- 
ternal system device (another proces- 
sor, perhaps) can take control of the en- 
tire address/data bus, even within an 
active, yet incomplete, cycle. 


/PLOCK: Intel defines the pseudolock 
output signal as a bus cycle definition. 
From a system viewpoint, it appears to 
be more of a pseudo-bus-priority bit. 
When the processor asserts this signal, 
it’s saying "Don't take the bus away 
now; I've transferred only part of the 
data I wanted." This differs from the 
{LOCK bit, which typically signifies a 
critical read-modif y-write operation in 
which no other system element can ex- 
amine the item being modified until the 
current operation is complete. 


Cache Control 

‘KEN: The system is required to control 
the cache enable input through hard- 
ware. In practice, rather than being 
used to enable cache, this signal is most 
frequently used to disable areas of mem- 
ory that cannot be cached. System im- 
plementations vary, but for most AT 
machines, the area of memory between 
640K bytes and 1 megabyte should nor 
be cached because it holds I/O-con- 
trolled and externally swapped data. 
Caching it proves futile or disastrous. 


AHOLD, /EADS: The address hold and 
external address strobe inputs allow an 


word; assert burst ready to the 
80486. Start 64-bit access of the next 


page. 

Clock cycle 4: Transfer latched 
contents of memory (the second 
word); assert burst ready. 


Clock cycle 5: Transfer the third 


Clock cycle Г. The CPU initiates 
access, 

Clock cycle 2: The memory is not 
ready; add a wait state. 


word (paged); assert burst ready. 
Clock cycle 6: Transfer the fourth 
word (paged); assert burst ready. 


external device to present die 80486 
with an address. If that addross matches 
an address in the 80486's cache, the as- 
sociated data is flagged as invalid. Рот 
an AT single-processor machine, only 
direct-memory-access cycles would re- 
quire use of this mechanism. In a multi- 
ple-processor implementation, this in- 
validation would likely occur from 
another processor. 


‘FLUSH: The flush cache input could 
be considered the "punt" approach to 
cache management. Essentially, it in- 
forms the 80486 that the entire contents 
of its cache are invalid. Why would you 
need this? Consider one 80486 electron- 
ically switching berween two complete- 
ly different memory systems. Each time 
the processor switched to a new system, 
its entire cache would be invalidated. 
With proper management of the other 
signals (i.e., /KEN, /EADS, and 
AHOLD) this should be a last resort. 


PWT, PCD: The page write-through 
and page cache-disable output pins re- 
flect bit settings in internal registers. 
While /KEN allows hardware to control 
the caching of specific physical regions 
of memory, these pins indicate caching 
control that software has exerted over 
logical memory pages. 


Coprocessor 

/FERR: The floating-point error output 
pin is similar to the 30387's error pin 
and is used under certain conditions to 
generate interrupt 13 on ATs. 


AIGNNE: The ignore numeric processor 
error input pin has no effect if not prop- 
erly activated by software. I assume that 
this pin will be properly managed by an 
unannounced coprocessor. For now, 
this an elaborate no-connect. 


(best case with zero-wait-stare cache and 


assuming a cache hit): 


Clock cycle 1: CPU initiates access. 
Clock cycle 2: Memory responds 
with the first word. 

Clock cycle 3: CPU initiates access. 
Clock cycle 4: Memory responds 
with the second word. 

Clock cycle 5: CPU initiates access. 
Clock cycle 6: Memory responds 


Clock cycle 3: Transfer the first Here's how it would play on the 80386 continued 
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Micronics Raises The Stakes 
With Its New 486 Motherboards! 


As the established leader in high quality motherboards is no substitute for Micronics quality and reliability. 
for the personal computer market, Micronics raises the With thousands of successful installations already 
price/performance stakes with the announcement of in sonia you have the security of knowing that youve 
our 486 motherboards. TN prete bet on a sure winner-Micronics! 
As always, Micronics comes i БАБЕК SR Cali now for more infor- 
to the table prepared. The new 486 шшш жил M^ We | mation and the name of the 
technology allows our mother- | : EA Ы اط‎ Micronics supplier nearest you. 
boards to operate twice as fast ЖЫТ —— JRE Ms hd , 
as their 386 predecessors. Now d Е а ТЕТЕ ОИК. National WATS 
you can fly through your most Д ! | cd МӨ M NI Ж (800) 234-4386 
challenging, memory inten- Д , - "m 1 b California 
sive applications. T A | d ih 1g ux Р 
For those who want ШАК! ЖА Bee hk j ee 
the ultimate in speed EE Со ПИСТЕ Е НО О eee, РАХ 
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THE 80486: A HARDWARE PERSPECTIVE 


The BIOS Challenge 


he 80486 processor has taken AT 

architccture to a new plateau. 
Throughout Award Softwarc's 
ment of a BIOS for the Intel 80486 (in 
conjunction with Cheetah Internation- 
al), our benchmark tests have shown 
performance to be significantly greater 
than existing 80386 processor architec- 
tures with a cache controller and math 
coprocessor. Benchmark tests will need 
to be rewritten to reflect this perfor- 
mance improvement. 

An 80386 BIOS will run on current 
implementations of the 80486, but with- 
out the 80486 BIOS you won't cxperi- 
ence the improved performance of the 
built-in cache controller and math co- 
processor. Using an 80386-style BIOS 
on an 80486 would bc likc using an 
80286 BIOS on an 80386 machine. The 
critical hardware and relatively minor 
software differences between the 80386 
and 80486 technologies are the keys to 
understanding how the 80486 BIOS can 
give users the full benefit of this ncw 
technology. 


Not the Same 
Inte] has incorporated many new fea- 
tures into the 80486 that allow it to sup- 
port multiple processor systems. Other 
significant enhancements include an 
on-board math coprocessor and an on- 
board cache controller. These additions 
will help remove the processor-speed 
bottlenecks that are characteristic of cur- 
rent 80386 systems. The associated in- 
creased performance of the 80486 has 
proved to be preater than the obvious 
combination of an 80386, an 80385 cache 
controller, and an 80387 math copro- 
cessor system. To put it tritely, the whole 
is greater than the sum of its parts. 
Power-on self-test operations have 
also been improved in the 80486. The 
80486's loop timing allows the entire 
POST routine to run faster than on an 
80386. Now that the cache is on the pro- 
cessor, the BIOS includes a POST 
cache-memory test. The POST math co- 
processor routine is also faster now that 
the coprocessor is no longer outside of 
the CPU. Award's POST routines flash 
the chip's version number on the chip on 
the screen, making life easier for field 
service technicians and system de- 
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Timing Is Everything 

Since the last IBM PC AT 8-MHz up- 
date, 80286/80386 processor speeds 
have doubled and tripled. Using timing 
loops that depend on processor speed 
has been invalid for several years. 
You've gat to use other methods within 
the AT architecture to find a reliable 
real-time base, Two such methods are 
available on the 80486. The first utilizes 
a refresh timer that can reliably return 
30-microsecond time bases. Award's 
80486 BIOS uses this method for the 
timing of “slow” devices such as floppy 
disk drives and hard disk drives. 

The second method involvcs timing 
between accesses of external chips to 
the processor, such as the dircct-mem- 
ory-access controller and the interrupt 
controller (i.e., the CPU has to wait a 
few clock cycles for a peripheral chip to 
become ready). Timings of this sort re- 
quire delays of several microscconds. 
The only time base available is through 
caccuting CPU instructions that con- 
sume a known number of cycles. Cache 
controllers for the 80386 have caused 
some problems in this area as guaran- 
{еей times for instruction fetches have 
been reduced. There are several nonde- 
structive instructions that you can use to 
"spin the wheels.” By experimenting, 


we found that we could use more or less ` 


the same delay instructions on the 
80486 that we used on the 80386, cven 


at the greater speeds. 


Minor Software Differences 

In terms of software, even at the BIOS 
and operating-system level, there are 
few differences between an 80386 and 
an 80486. These differences will re- 
quire changes at the system level but 
should pot affect upward migrations of 
80386 applications to the 80486. 

The software differences involve the 
on-chip math coprocessor and the cache 
controller. Some flaps used to interact 
with the math coprocessor in protected 
mode behave differently. Intel has also 
added new instructions to control the 
initialization of the internal cache. The 
only functional effects on the BIOS are 
differences in initialization. For exam- 
ple, a previously nonfatal error in co- 
processor initialization becomes a fatal 
processor error. 


Protected-mode operating systems or 
applications will need to change meth- 
ods for trapping coprocessor instruc- 
tions. Such changes will be well worth 
thc effort; initial benchmarks have 
shown an order of magnitude of im- 
provement in the performance of float- 
ing-point instructions. Most packages 
on the market now are conservative in 
their use of floating-point instructions, 
сусп in applications that double in per- 
formance with a coprocessor. Most 
standard systems do not contain a co- 
processor for cost reasons. Developers 
simply cannot afford to write applica- 
tions for only 10 percent of the potential 
market. The bulk of the compiled code 
still uses floating-point emulation. 

For example, C's floor() function, 
commonly used in comparisons, can 
use floating-point libraries. This type 
of code would normally compile with 
emulation; a true coprocessor would be 
restricted to more time-critical arcas. 
However, because the 80486 guarantees 
the availability of a floating-point co- 
proccssor, applications can be packaged 
with all sections of the code utilizing 
floating-point, which will provide 
greater overall performance. 

Intel is encouraging a joint effort to 
develop a standard method for software 
applications (primarily operating sys- 
tems) to identify the processor type and 
revision of the 80486. The intent is to 
begin planning for future extensions to 
the processor family. If these efforts be- 
come a standard, they will also be appli- 
cable to the 80386 architectures already 
in the field with the appropriate BIOS 
changes. In faci, the 80486 will require 
BIOS products to evolve to provide a sta- 
ble platform for software in this market. 


Wide Open 
The 80486 processor will open up many 
new possibilities in hardware design. 
The work on fully utilizing the 80486 
through the BIOS has only begun. BIOS 
products for it will constantly be up- 
dated, upgraded, and introduced as new 
capabilities become available through- 
out the 1990s. 


Rene Vishney is president of Award Soft- 
ware, Inc., in Los Gatos, California, He 
can be reached on BIX c/o "editors." 
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with the third word. 

Clock cycle 7: CPU initiates access. 
Clock cycie 8: Memory responds 
with the fourth word. 


You should realize that the above com- 
parison shows the 80386 in its very best 
light. Also, the 80486 has an on-chip 
cache that frequently relegates the main 
memory to the chore of efficiently filling 
the on-chip cache—a chore well-per- 
formed by the burst-transfer mechanism 
of the 80486. 

The use of a 64-bit-wide DRAM archi- 
tecture does present some challenges to a 
system's minimum memory configura- 
tion. For example, implementing this ap- 
proach with 1 megabit X 1 DRAMs 
would require 72 devices, yielding a total 
of 8 megabytes minimum of system 
memory. Each expansion to this ap- 
proach would also be in 8-megabyte in- 
crements. Using 256K x 4 DRAMs 
solves the memory granularity problem 
for this 64-bit architecture but compli- 
cates the parity data path by requiring 
the inefficient use of 1 megabit х 1 
DRAMSs or the mixing of current-tech- 
nology (256K-bit х 4) with older-tech- 
nology (256K-bit X 1) DRAMs (i.e., 
you would need one 256K-bit x 1 
DRAM—parity—for each pair of 256K- 
bit X 4 DRAMs). Furthermore, many 
currently available high-density single 
in-line memory modules (SIMMs) do not 
provide for the mixing of DRAM tech- 
nologies. These obstacles are not actu- 
ally technical problems, but they do pre- 
sent a real conflict in attaining minimum 
system costs while achieving highest sys- 
tem performance. 


Problems Solved 

Writing parity-checked data to main 
memory on 80386 systems has always 
been trouble, because the fastest you 
could generate the parity checkbit was 17 
ns after you were presented with valid 
data from the CPU. This wreaked havoc 
with control logic because it alone repre- 
sents half a wait state for a 33-MHz sys- 
tem. Should you complicate the control 
of the parity data bit during writes by 
treating it separately? Or should you pe- 
nalize read access time to accommodate 
the write constraint? 

Happily, Intel’s engineers plugged 
this hole on the 80486 by adding a parity 
path. Now when all data bits are valid on 
the data bus, that includes the parity bits. 
Thank you, Intel. 

The 80386 still bears the scars of the 
8086's migration upward through the 
80286. One particularly visible injury 
was Intel's handling of address bit A20. 


CPU speed 16 MHz 


Z&8ro-wait-slalg 


access budget 125 
Address valid delay 

(from CPU) - 36 
Address buffers 

(CPU to memory) ~6.5 
Data buffers —4.5 
Dala setup 
to CPU 


Remaining time 
lor zero-wail-state 

memory device B7 
Remaining time 
for one- wait- 
state memory 
device 
Remaining time 
tor two-wait-state 
memory device 


129.5 


Table 2: The 80386 zero-wait-state comparison (nonpipelined read). AH times 
are in nanoseconds. АН CPU timings are from the intel 1989 Microprocessor 
and Peripheral Handbook, vol. 1 (Intel Corp., 1989). 


20 MHz 25 MHz 93 MHz 


100 80 60 
-30 -21 -5 

-6.5 -6.5 -6.5 

-4.5 -45 -4.5 


45 40 29 


95 80 59 


Table 3: The 80486 zero-wait-siate comparison (nonburst-mode read). АЙ 


times are in nanoseconds. 


CPU apeed 


Zgro-wait-state access budget 
Address valid delay (from CPU) 
Address buffers (CPU to memory) 
Data buffers 

Data setup to CPU 


Remaining time for 
zero-wail-state memory dewce 
Remaining time 

for one-wail-slate memory device 
Remaining ume for 

two-wail-state memory device 


In the 8086 world, no address could go 
beyond 1 megabyte (there was no address 
line A20). Computed addresses beyond 
the 1-megabyte limit would "wrap back" 
into low-order memory. IBM's AT de- 
signers rightfully maintained that com- 
patibility through the 80286. They ac- 
complished this by masking off 
(jamming inactive) the address A20 line 
through a control spigot from the key- 
board controller chip. 

Brilliant, right? Not quite. Remember 
the zero-wait-state calculations in table 
2? Well, those figures don't compensate 
for a slow address line A20. So hardware 
designers were expected to insert a logic 


25 MHz 33 MHz 


80 60 
—e2 -19 
T. -6.5 
-45 -45 
-5 -5 


44 35 
65 


95 


level (an additional delay) within the sys- 
tem to perform this task. The result is 
that when an address is asserted on the 
address bus, every line except. A20 be- 
comes valid in a specified time. Thus, 
for the memory speed requirement to 
achieve the zero wait states shown in 
table 2, you must subtruct a good 7 ns. 
That's a 10 percent slowdown to a 70-ns 
memory. 

Fortunately, Intel engineers came to 
the 80486's rescue again. They've added 
a line ínto the chip that, when active, 
tells the chip to operate its A20 line to 
emulate the action of the AT's А20 line. 

continued 
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No major logic here, but a major perfor- 
mance boost. It's obvious that the semi- 
conductor group at Intel had an excellent 
systcm iece (their board group? 
IBM? other users?) to champion this 
cause. Bravo! 


What They Missed 
The 80486 contains so many great sys- 
tem features that to criticize any part of it 
seems almost blasphemous. My 
gripes with the chip are relatively minor 
at 25 MHz but become substantial when 
you extrapolate operation at 40 and 60 
MHz. I base these opinions not on RISC 
versus CISC issues, but on the more fun- 
damental issues of the physics of elec- 
tronics. 

System implementers have had their 
hands full “managing” a common I/O 
bus at 33 MHz. The difficulty lies in 
avoiding bus contention. Data travels 
along the bus from a source to a destina- 
tion (memory to CPU or vice versa), and 
bus contention occurs when—in the pro- 
cess of switching from one source to an- 
other—two sources are present on the bus 
simultaneously. To the layman, I can 
best describe this as a brief short circuit. 


A. 


processor clock speeds 
increase, the physical 
properties of electronics 
remain the same. 
ЕЕЕ. 


To the engineer, this presents reliability 
and manufacturing problems if not given 
proper attention. 

The problem is exacerbated as system- 
memory speeds increase. Given the elec- 
tronics components currently available to 
System designers, the quickest they can 
turn off or "shut up" a bus source from 
driving à common bus is about 1] ns. 
This suggests that, in theory, ultimate 
usable processor speed is limited to 45 
MHz. And even as processor clock 
speeds continue to increase, the basic 
physical properties of electronics aren't 
going to change. As useful as common 


data I/O bus 80486 is (if you consider 
multiple 80486 systems), it is not a desir- 
able architecture in a 60-MHz single- 
processor implementation. 

The solution? Separate the data lines 
on tbe CPU into DATA OUT and DATA 
IN. (Hey, at $1000 a chip, what do a few 
more pins cost?) 

The 80486 represents a logical growth 
of the PC-compatible standard. That says 
a lot. The large base of applications soft- 
ware that has been established for the 
80x86 is unparalleled in computing's 
short history. The 80486 promises to be a 
major commitment by Intel to software 
development maturation and stability. 
The job of hardware is to provide the reli- 
able vehicle to maintain and enhance this 
desirable goal. 

All CPU timings for the 80386 come 
from Intel's 1989 Microprocessor and 
Peripheral Handbook, vol. 1. All CPU 
timings for the 80486 are from Intel’s 
manual, 80486 Microprocessor, April 
1989 (#240440-001). ш 


Ron Sartore is cofounder of Cheetah In- 
ternational, Inc., in Longview, Texas. 
He can be reached on BIX c/o "editors. " 


AutoKey 400 programmable macro keys ! 


Simplify DOS, D-base, Lotus 1-2-3. 
Boost your CAD performance. 
Automate word processing. 


Mouse 
Macros 


e Plugs into your keyboard line. 

э Uses no system memory. 

® Requires no software. 

e Has its own microcomputer. 

è Eliminates complicated memory 
resident macro programs such 
as SuperKey and ProKey. 


Call 1-800-888-4146 
(inside IL call 312-595-4146) 
AutoKey 40 .......... $139.00 

Visa/MC/AmEx. 
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The Era of the 


Ww in 1981 the firs personal com- 
puter from [BM was introduced to 
the market, no expert predicted its SUC” 
cess, After ouly one year, this computer 
set a new standard, the PC standard. Of 
course, there were other computers, like 
the Apple II. Some of these computers 
were faster and more reliable than the 
IBM PC. But the standard was set by this 
machine. And it was set by tbe users, 
who bought this computer and deman- 
ded applications, programs, peripherals 
and services. A whole industry grew up 
with this one machine. The personal 
computers of today are the great-grand- 
children of this little computer. One can 
find it's roots in nearly every personal 
computer that works with MS-DOS. 
When the IBM FC was introduced, it 
worked with MS-DOS, too. It was MS- 
DOS 1.1, the first release. And it became 
standard as an operating system, just like 
the PC became standard as THE perso- 
nal computer. 


The technology today is far more ad- 
vanced than it used to be in 1981. This an 
effect of the tremendous market power, 
which was unleashed by the PC stan- 
dard. But know, the great history of this 
Standard has become a burden, it slows 
down any development in this industry, 
which is bound to be “compatible”. To- 
days microprocessors have more proces- 
sing power than the big mainframe com- 
puters in 1981. But they use only 5-10 
percent of their real abilities for the 
users, because of the existing industry 
standards. We at Bauer Systems think 
it's time for a new standard, it's time for 
the PERSONAL WORKSTATION! 


Stop! This is not a break with the re- 
ported history of computers. It's a break 
with compromises, which were made to 
have the highest grade of compatibility. 
We have found a way іо have the best of 
both sides; Unforeseen processing po- 
wer and user friendliness and compatibi- 
lity with existing industry standards. We 
cannot promise that your most beloved 
word processor will run on our new ma- 
chine, and we cannot promiise either that 
your beloved screen will work with our 
machine. But we can promise you that if 
you ever try our new system, you will not 
try another existing computer again. 


Personal Workstation 


The TESS IV PERSONAL WORK- 
STATION is based on the Intel i486 mic- 
roprocessor. This microprocessor come 
bines the features of the 80386 micropro- 
cessor and the 80387 arithmetic copro- 
cessor Logether with a sophisticated ca- 
che management unit on one chip. The 
1486 microprocessor has а raw proces- 
sing power of 14-15 MIPS. In the TESS 
IV PERSONAL WORKSTATION, this 
microprocessor is combined with 8 Me- 
gabyte of 70 ns dynamic random access 
memory. The system has a clock rate of 
25 MHz. Early benchmarks indicated a 
processing power of 12 MIPS for the 
whole system. We developed a configu- 
ration for this system, which represents 
the best combination of available op- 
tions. The TESS IV PERSONAL 
WORKSTATION is equipped with our 
j486-computer. We chose a SCSI host 
adapter as storage interface. In the stan- 
dard configuration, one 200 megabyte 
hard disk drive and one 3.5“ Ploptical 
disk drive are connected to the host 
adapter. It offers a sustained data trans- 
fer rate of 1 megabyte per second and jt 
can handle up to seven SCSI devices. 
The hard disk drive has an access time of 
16 ms. The Floptical disk drive is a new- 
ly developed 3.5" floppy disk drive that is 
able to store up to 20.8 megabyte of data 
on a 3.5" Floptical diskette, It can also 
format, write an read standard 3.5* dis- 
kettes in the PS/2 formats. The Floptical 
disk drive has an access time of 65 ms. 
The graphics subsystem of our TESS IV 
PERSONAL WORKSTATION contains 
it's own Texas Instruments TI 34010 gra- 
phics processor, clocked at 40 MHz. At 
this clock rate, the TMS 34010 has a pro- 
cessing power of 6 MIPS. The processor 
is combined with 1 megabyte УКАМ for 
а maximum screen resolution of 1024 x 
768 pixels in 256 out of 262.144 colors. 
Our display features а 21* flat-type sc- 
reen offering the user an optimal vie- 
wing area. The etched, non-glare 0.31 
mm dot pitch CRT allows for brilliant 
FULLSCREEN graphics and text. A 
built-in dynamic focus circuit provides 
trisp images on-screen, The keyboard of 
our TESS IV PERSONAL WORKSTA- 
TION is connected to the screen and 
contains a standard 102 keys AT-layout. 
A 3-key mouse is connected to the key- 
board as the standard pointing device. 


The TESS IV PERSONAL WORK- 
STATION is equipped with four serial 
and two parallel external interfaces. lt 
can be expanded hy plug-in expansion 
cards compatible to the ISA-bus interia- 
ce. The complete system exept the desk- 
top devices is mounted in atrim deskside 
tower case in a unique design. It is powe- 
red by a 300 W switching power supply 
with build-in battery backup and surge 
protection. 


To unleash the full processing power 
of the i486 microprocessor, we chose the 
newly developed Open Desktop from 
SCO as operating system. Open Desktop 
features the full 32-bit, multiuser, multi- 
tasking capabilities of the UNIX System, 
a graphical user interface offering Pre- 
sentation Manager-compatible "look 
and feel”, the industry-standard X Win- 
dow System, SQL database manage- 
ment, TCP/IP networking to dissimilar 
systems, full data sharing between DOS 
and UNIX Systems, and instant access to 
thousands of existing DOS and UNIX 
System applications. Open Desktop deli- 
vers (be multitasking computing power, 
friendly graphical interface, and seam- 
less connectivity required for today's de- 
manding business and technical profes- 
sionals who require dedicated personal 
productivity systems. And it's equally 
weli-suited as a multiuser, multitasking 
platform for workgroups of 8, 16, 32 or 
even more users. 


To meet the high standards we set 
ourselves by designing this computer, 
we developed a sophisticated distribu- 
tion and service system. The TESS [V 
PERSONAL WORKSTATION will be 
distributed by the mucrotronics Trade 
Service through field consultants, Your 
computer will be set up at your site and 
configured to your demands. The micro- 
tronics Trade Service will provide world- 
wide on-site service for one year. If your 
system can't be repaired on-site, you will 
receive a equal replacement for the re- 
pair time, 


To receive more information or to 
purchase your TESS IV PERSONAL 
WORKSTATION, please contact the 
microtronics Trade Service. We hope 
you will be with us in the era of the per- 
sonal workstation! 


microtronics Trade Service, Bettendorfer Str. 36, 5173 Siersdorf, Federa) Republic of Germany, phone +49-2464-2147, 


4 


fax: +49-2464-8280 


АН trademarks used in this advertisement are property ûf the respective companies. 
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How To Bring Minicomputer 
Power To Your PC 


Introducl 
PC-MOS 


A multiuser system no longer means only a main- 
frame or minicomputer, Today's 386- and 286- based 
PCs are more powerful than the minicomputers of 
just a few years ego. And they often provide more 
desktop power than one person can usc effectively. 

That's why you need PC-MOS 3.0. it harnesses the 
power of your 386-or 286- based PC and turns it into 
a Powerful multiuser, multitasking computer. PC-MOS 
is the multiuser operating system that lets you run popular 
DOS applications such as Windows™ Lotus 1-2-3™ 
dBase IV™ or WordPerfect™—wilhout modification. 


PC-MOS is the perfect solution for a small business 
or a department of a large company that needs users 
to easily and affordably share programs, databases or 
peripherals. It takes full advantage of the hardware's 
power—and saves you money in the process! For example, 
instead of replicating PCs, each user can have an in- 
expensive terminal or monitor that acts like a PC. 


DOS Compatibility Means Minimal Training 
And Support 

Since PC-MOS is DOS compatible—unlike UNIX™ 
ог OS/2"—there's no need for users to learn a “new” 
operating system or be retrained on the application 
programs they already know, And unlike most LANs, 
PC-MOS is easy to install and even easier to maín- 
tain. No hassle, no expensive wiring and no network 
management headaches, 

There are now more than 100,000 users of PC-MOS 
worldwide, but if you haver't seen it lately, take 
another look, We've broadened our base of compati- 
ble applications and added multi-level security, faster 


б 


disk performance and larger task sizes. Version 3.0 
also interfaces with Novell LANs, 3270 mainframe 
communications products and The Software Link's 
LANLink™ local area network 

Call us today for more information about PC-MOS 
3.0 and thc location of your nearest multiuser dealer. 
Well show you how to easily and affordably turn 
your PC into a powerful multiuser system. 


Terminals and Workstatione Supported 


Wyse 150” Link MCE” Kimtron 7-70" IBM 
3151“ ATAT 805 Business Communications 
Terminal" Sun River Cygnef386* Video 
Network Adapter" and others. 


THE SOFTWARE LINK LINK 


3577 Parkway Lane Norcross, GA 30092 
1-800-451-LINK (404) 448-5465 
Fax: (404) 263-6474 Telex: 4996147 SWLINK 


URBE, inc. 
Att other products rebprenced ere trademarks ot 

taSpechve companas. 

Dealer Inquiries Invited 

GBA Senaduie/GS00K 89 4256448 
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| The Viva24 Modem knocks ‘em dead with style and convenience. 


Finally! An affordable, state-of-the art 
modem designed to maximize any work 
station or desktop and take up minimal 
| space. The new 2400 baud modern from 
MODEM Jl Computer Peripherals, Inc. is a 10096 
Hayes compatable external modem 
which boasts more high-tech features than its competition 
at an unbelievable price tag. 


The compact, distinctively sleek tower design simplifies 
placement, and it's easily accessible, front panel power 
Switch eliminates fumbling around the back of the unit. 
The handsome weighted base holds the ViVa24 firmly in 
place, and sharp LED indicator lights are aligned for com- 
fortable viewing, utilizing international graphic icons that 
make the ViVa24 simple to understand. r3 


The small tower design creates a natural flow of air over 
the surface of the board, allowing the ViVa24 to run cooler 
and affording you 24-hour, worry-free operation. The 
Viva24 modem provides the user compatability with IBM 
PC, XT, AT, IBM PS/2, Apple Macintosh computers and апу 
computer that supports RS-232C. 


The ViVa24 modem represents innovation from its foot- 
print up with features such as: use of the Hayes "AT" com- 
mand set, asynchronous data format, auto-dialing, auto 
answer, adaptive equalization, non-volatile memory, auto- 
matic tone and pulse dialing, remote access while your 
computer is unattended, self-test and built-in diagnostics. 
Best, of all, the ViVa24 is fully backed with a five-year 
limited warranty. [6.e 


Before investing in an ordinary modem, be sure to 
investigate the ViVa24. For more details, call your Ingrar. 
MicroD representative now at: 


1-800-456-8000 (East) 
1-800-642-7631 (West) 


HicuFipguTY 


By Computer Peripherals, inc. 
667 Rancho Conejo Blvd. 

Newbury Park, CA 81320 

TEL: (805) 499-5751 


Trademarks: [BM, International Business Machines, Corp.; Hayes Microcomputer Products; Apple Macintosh; High Fidelity, Computer Peripherals, Inc. 
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TRETCHING DOS 
TO THE LIMIT 


VCPI brings order to DOS multitaskers, DOS extenders, 


wo years ago, OS/2 
sounded like a dream 
come true. No more ap- 
plications that had to 
squeeze into 640K bytes: 
no more overlays; no^more cobbling to- 
gether collections of TSR programs and 
utilities to create a useful work environ- 
ment. With 05/2 running on an 80386- 
based PC, programs could be as large as 
necessary—and you would be 
able to run as many as you 
needed, concurrently. 

But OS/2 hasn't yet deliv- 
ered on its promises, Two 
years later, we're still waiting 
for OS/2 for the 80386, and 
we're stil] waiting for applica- 
tions software that will turn 
the current 80286-based OS/2 
from à great idea into a great 
operating system. Once that 
software does arrive—and it 
should be checking in over the 
next six months or so—OS/2 
will become a contender. 

But if OS/2 hasn't already 
generated the applications it 
needs to become a best-seller, 
it has intensified demand for 
its features: big programs and 
multitasking. Software pub- 
lishers have responded by of- 
fering multitasking systems, 
DOS extenders, and EMS em- 
ulators that enable DOS pro- 
grams to tap the full power— 
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and EMS emulators 


Frank Hayes 


and full memory—of 80386-based PCs. 
Until now, though, these hsve largely 
been independent, ad hoc solutions, for 
example, there has been no guarantee 
that a program using a DOS extender 
would run under à multitasker. 


Enter VCPI 
In late 1987, six companies—including 
Phar Lap (386|DOS-Extender), Quar- 


terdeck (DESQview), and Qualitas 
(386Max)—«et out ta agree on a standard 
that, they hoped, would create some 
order out of the burgeoning chaos of ad 
hoc solutions. The resulr, several drafts 
later, is the Virtual Control Program In- 
terface, or VCPI. 

VCPI isn't a program. In fact, it isn’t 
even the outline for a program. It's just 
the specification for how a VCPI-com- 
patible program should be- 
have. But it isn't vaporware, 
either: Lotus has joined the 
original members of the VCPI 
committee, and all the mem- 
bers are busy making their 
software conform te the VCPI 
specifications. And applica- 
tions developers using VCPI 
DOS extenders and multi- 
taskers are also aiming for 
VCPI compatibility. 

VCFI is designed to solve 
two main problems that show 
up when several 80386-aware 
programs run at the same 
time: conflicts over the use of 
extended memory, and con- 
flicts over which one of sev- 
era] programs is in charge. 
ig Тһе original six sponsors 
| è of the УСА were А.І. Archi- 

tects, Phar Lap Software, 

Quadram, Qualitas, Quarter- 
| t deck Office Systems, and Ra- 

E tional Systems. The original 
continued 
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specification was developed by Phar Lap 
and Quarterdeck and was published in 
December 1987. A mote detailed and ex- 
plicit revision of the spec was drafted in 
March of this year for the April VCPI 
Developer's Conference. At that confer- 
ence, Lotus Development added its name 
to the list of sponsors, and Compaq and 
Intel were among the observers. The 
specification went through two more re- 
visions before the final version was ap- 
proved in June. 

The complete VCPI specification is 
available from Phar Lap Software, Inc., 
60 Aberdeen Ave., Cambridge, MA 
02138, (617) 661-1510. 


Who's the Boss? 

Unlike real multitasking operating sys- 
tems, such as Unix ог QS/2, DOS is de- 
signed for one user running one applica- 
tion program. As a result, from its 
earliest days, a DOS program was tradi- 
tionally written with the assumption that 
it was the only car on the road. That was 
fine when it was true. But as soon as 
users began adding pop-up TSR utilities, 
each application program found itself 
sharing memory with other programs. If 
the programs didn't all follow the rules 
(or at least cheat in regular, predictable 
ways) conflicts were sure to arise. 

The same problem, only magnified, 
appears when a multitasker tries to 
squeeze several full-scale application 
programs into memory at the same time. 
That's cheating the limits of DOS, and if 
all the programs don't cheat predictably, 
they'll step on each other's toes. 

Fortunately, the 80386 CPU features 
two modes—protected and virtual 
8086—that can alleviate some of these 
problems. In protected mode, software 
has full access to all the capabilities of 
the 80386, including all its most power- 
ful instructions and the entire 4 giga- 
bytes of memory that can potentially be 
Stuffed into an 80386-based PC. Once 
the CPU is in protected mode, it can 
switch into virtual 8086 (or V86) mode. 
When software runs in V86 mode, the 
CPU and memory act as if they're run- 
ning on an 8086 with its own 1-megabyte 
(or less} cohort of memory—hence the 
name “virtual 8086." 

But although a program runs in V86 
mode as if its in a single chunk of mem- 
Ory, it may actually be split up all over 
the 80386's available memory in small- 
er, 4096-byte pieces. Moreover, al- 
though the CPU appears to act like an or- 
dinary 8086, there are some instructions 
that can't be used in V86 mode. When 
the CPU encounters one of those instruc- 
tions, it generates an exception, which 
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returns the processor to protected mode. 

Protccted and V86 modes greatly sim- 
plify multitasking on an 80346, Each or- 
dinary DOS application can run in V86 
mode as if it had its own CPU and mem- 
ory; the multitasker itself. which switch- 
es among the different applications, runs 
in protected mode, handling exceptions 
and generally directing traffic. 

If all the programs running under à 
multitasker are ordinary DOS applica- 
tions, this arrangement works fine—the 
multitasker is the unquestioned boss, 
running in protected mode. But multi- 
taskers aren't the only programs that use 
the 80386's protected mode. Programs 
built with DOS extenders use it, too. 

A DOS extender creates a run-time en- 


' vironment that lets a program run under 


DOS but still use the more powerful ca- 
pabilities of the 80386. Since DOS 
doesn't run in protected mode (where the 
real power lies), a DOS-extended pro- 
gram starts out running in V36 mode. 
But when it's time to kick into high gear, 
the V86 program calls the DOS extend- 
er, which jumps into protected mode to 
access large amounts of memory or to ex- 
ecute specialized instructions. 

There's also a third category of pro- 
grams that use protected and V86 
modes: EMS emulators. An EMS driver 
lets a DOS program swap blocks of mem- 
ory into and out of the memory-address 
space above the DOS 640K -byte limit but 
still below the l-megabyie limit of the 
8086 CPU. The original EMS memory 
boards worked with any PC or XT; sev- 
eral extra megabytes of memory could be 
swapped in and out, so a program could 
get fast access to lots of extra space for 
data or program overlays. An EMS emu- 
Jator uses the same set of protocols, but, 
instead of using memory on a separate 
board, it uses the 80386's own memory 
above the |-megabyte limit. Once again, 
the DOS program runs in V86 mode; 
when it calls the EMS driver, the CPU 
kicks into protected mode so the driver 
can access the extra memory. 

Each of these kinds of "contro! pro- 
grams"—multitaskers, DOS extenders, 
and EMS emulators—needs to switch 
back and forth between protected and 
V86 modes. However, the 80386 is de- 
signed so that only one protected-mode 
program will handle the exceptions gen- 
erated by V86-mode applications. That 
means that if you try to use them all to- 
gether—say, an EMS emulator with a 
multitasker that's running one or more 
DOS-extended programs—oniy one con- 
trol program can use protected mode; the 
others must use V86 mode. But, as I've 

conrinued 


SEND AWAY FOR 
YOUR VERY OWN 
COMPUTER STORE. 


When you buy a | Xerox Corporation. 


computer, about 35% If you read our ad in the 
of your money goes to | | front of chis magazine, 
the store. | it will tell you a lot 

But wed much rather | more about the systems 
see your money go to we offer. And the service 
somebody who deserves we put behind them. 
it a lot more. So if you'd like a much 

You. more intelligent way to 

So we give you a ES buyapersonal computer, 
complerely different have a look at our ad. Or 
kind of computer store. | call us at 800-426-5150. 

The Dell Computer | Orsend us the card on 
Store. | this page. 

Instead of a crowded, | And we'll send the 
high-overhead show- چچ چ‎ “= | best computer store 
room, you get our brand But there's a lot more to it you've ever seen. 
new 44-page catalog. Which chan saving money. We offer One you dorit have to 
gives you a full line of 386" you the most complete service set foot in. 
and 286 systems, printers, and support in the industry. ER EO; 
peripherals, software, and Including a 30-day money- D E L L 
accessories. back guarantee. A toll-free RRA a 

And since you buy direct technical support hotline. 22M 
from che manufacturer, you save Self-diagnostic software. And 800-42 б. РЕ 50. 
about 35%. next-day deskside service from FOR DELL IN CANADA, CALL 800-387-5752. 


©1989 Dell Computer Corporation. 386 is a rademark of Intel Corporarion. 4Service in remote locarions will incur additional travel charges. UEBM 
Circle 80 on Reader Service Card 


STRETCHING DOS TO THE LIMIT 


 Extended-Memory . Allocation Techniques 


T he three | techniques that VCPI al- 
lows for allocating extended mem- 
ory—the memory above the | -megabyte 
و‎ boundary—are EMS alloca- 
tion, top-down allocation, and bottom- 
up allocation. Using EMS memory is 
the easiest of the three; it involves noth- 
ing more than requesting pages of mem- 
ory through the standard EMS 4.0 inter- 
face. Using EMS memory has another 
advantage for DOS-based applications; 
even if an application isn’t running on 
an 80286- or 80386-based PC, it can 
still use EMS memory if an EMS mem- 
ory card is installed. 
Both top-down and bottom-up alloca- 


tions depend first on knowing how 


much extended memory is available. 
That information is available from the 
BIOS extended-memory-size system 
call (Int 15h, function 88 hexadecimal). 
This function returns the amount of ex- 
tended memory in K bytes. It's a simple 
matter to convert that number into the 
highest address occupied by extended 
memory: You shift the value left 10 
times to multiply by 1024 and then add 
100000h (1 megabyte). If function 88h 
of Int 15h returns 0, that means there's 
no extended memory in the system. 


shown, they all need to be in protected 
mode—or, at least, they need a way to let 
each contro! program use protected 
mode. That's where VCPI comes in. 


Sharing Extended Memorv 

A second problem that can show up once 
an EMS emulator and several DOS ex- 
tenders have been stuffed into memory 
together is that they may all want to use 
parts of extended memory (i.e., memory 
above the 1-megabyte boundary). 

There are four basic ways for a pro- 
gram to make use of extended memory. 
One is to simply use it, no questions 
asked—but that almost guarantees prob- 
lems when more than one program is in 
memory at once. 

Two other standard techniques treat 
extended memory as a big chunk of 
memory from which a piece can be 
carved off either the top or the bottom 
end: tap-down and bottom-up extended 
memory allocation, respectively. Both of 
these techniques require the program- 
mer to install a new interrupt handler for 
an operating-system function. In the case 
of top-down allocation, which lowers the 


Tap- dawn татту, allocation i Is 
straightforward: it only requires lower 
ing the memory ceiling, as indicated by 
the result of the extended-memory-size 
call. To do this, a program installs a 
new interrupt handler for Int 15h, one 
that passes all functions except 88h and 
returns a new, lower value for that func- 
tion. Thus, in a multitasking situation, 
any other program that wants to allocate 
extended. memory from the top down 
will first make its own call to Int 15h 
function 88h—and carve off its chunk of 
memory beginning where the first pro- 
gram's chunk left off. Г 

Bottom-up allocation, by contrast, 
uses the technique that was originally 
used in IBM's VDISK driver for the AT. 
VDISK allocated memory for a RAM 
disk by installing a new interrupt han- 
dler for the PC reboot interrupt, Int 
19h. A signature block and an alloca- 
tion-size marker go in the interrupt han- 
dler, and a boot block with an alloca- 
tion-size marker goes at the 1-megabyte 
boundary. Whether or not the bottom of 
extended memory has been carved off 
by VDISK or a similar program, it's 
possible to raise the floor still further 
by installing another interrupt handler 


exiended-memory ceiling, it's the BIOS 
extended-memory-size system call (Int 
15h, function 88 hexadecimal). In the 
case of bottom-up allocation, which 
raises the extended-memory floor, it's 
the PC reboot interrupt (Int 19h). Be- 
cause al] programs in memory share 
these interrupts, each one can, in turn, 
carve a chunk off the top or the bottom of 
extended memory without interfering 
with the other programs. (See the text 
box “Extended-Memory Allocation 
Techniques" above.) 

There's one other common technique 
for allocating extended memory—an 
EMS emulator, which uses top-down al- 
location to acquire a block of extended 
memory and then parcels out sections of 
it through the standard EMS interface. 
Since there’s only one EMS emulator in 
memory, it's also shared by all the pro- 
grams that want to use it; thus, programs 
won't unintentionally interfere with each 
other if they get their memory through 
the EMS emulator. 

VCPI allows programs to use extended 
memory through top-down or bottom-up 
allocation, or through the EMS emula- 
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and a new set af « signature blocks and al- 
location-size markers. | 

If this sounds more complicated than 
top-down allocation, it is. Unfortunate- 
ly, the process has to be more complex 
than it should be. It's necessary to 
check both the boot block and the inter- 
rupt handler for the size of the memory 
that’s already been allocated, since 
some functions (such as the DOS 3.3 
PRINT function) will wipe ont some of 
the allocation information in one of the 
two locations. Still, it's possible. to do; 
from the Int 19h vector, you can trace a 
24-bit value that points to the first free 
byte of extended memory, and you can 
get the same value from the boot block 
at offset 1Eh, which is the address in K 
bytes; shifting it left 10 times gives the 
actual address. 

By installing interrupt handlers and 
allocation-size markers, cach program 
in memory can allocate as much avail- 
able extended memory as it needs with- 
out interfering with other programs" al- 


locations. However, once memory has 


been allocated, it cannot safely be deal- 
located and the original interrupt han- 
dlers restored until all programs are fin- 
ished using exiended memory. 


tor. The EMS emulator typically plays 
the most crucial role, because it handles 
VCPI functions. 


How VCPI Does It 

Tabie | lists the YCPI functions that an 
application program can call while it’s 
running in V86 mode. Each function is 
called through the EMS interrupt (Int 
67h), using a function call that's illegal 
for an ordinary (non- VCFT) EMS emula- 
tor. The VCPI function calls allow each 
application to switch to protected mode 
and determine EMS and extended mem- 
ory availability (as well as get access to 
certain 80386 registers and interrupt 
controller information). Table 2 lists the 
VCPI functions available to applications 
once they are in protected mode. 

How goes it typically work? When 
DOS boots up, it installs an EMS driver 
whose name is in the CONFIG.SYS file. 
That EMS emulator—called the “VCP 
server" —wil] handle all VCPI func- 
tions. A user can then run a DOS-ex- 
tended application—or a multitasker, 
which in turn will run regular or DOS- 
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Table 1: The V86-mode interface is provided through the EMS interrupt (Int 
67h). with a function code of DEh in the AH register and a VCPI function code 
in register AL. The function calls allow an application to switch to protected 
mode. determine availability of and allocase EMS and catended memory, and 
get access to 00386 debug registers and interrupt controller information. 


THE YOPI VIRTUAL 6086-MOOE INTERFACE 


Subtunction 


OO0n. VCPI Presence Detection 

Gin Get Protected Mode interface 
Ог Get Maximum Physical Memory 
Address 

93h. Get Number of Free 4K Pages 


Qdh, Allocate a 4K Page 
05h: Free a 4K Page 


Ooh: Gel Physical Address сї 4K Page in 
First Megabyte 


O7h: Read CRO 

08h: Read Debug Registers 
09h Load Debug Registers 
OAh: Get 82594 Interrupt Vector 
Mappings 


OBh: Set 8259A Interrupt Vector 
Mappings 

OCh: Switch from ¥86 Mode to Protected 
Mode 


Purpose 


Checks for the presence of VCP I. 

Sets up the dient s page table. 

Initializes client's memory management 
date structures. 

Returns the tolal number of 4K-byle 
pages available to be allocated out of the 
server's EMS memory pool. 

Allocates а 4K-byte page of memory. 
Frees a page ot memory previously 
allocated with subtunction ih. 

Returns the physical address of a 4K-byle 
page in the first megabyte of the VBG- 
mode linear address space. 

Returns the current value ol the CRO 
register. 

Stores the values of the debug registers 
into an array in memory. 

Loads the debug registers wrth the values 
in ihe array. 

Returns the interrupt vectors that will be 
generated by the 8259A interrupt 
controller when a hardware interrupt 
occurs. 

Used by the client to inform the server if it 
remaps the 8259A interrupt controllers. 
Swriches CPU to protected mode, sets up 
ali system tables for the client, and 
transfers conira to the specified entry 
point in the client. 


Table 2: The protected-mode interface is a FAR entry point in the EMS 
emulator. The address of the entry point is obtained during initialization with 
the Get Protected Mode Interface system call (int 67h, function DEh, VCPI 
function ÜIh). An application running in protected mode makes a FAR call to a 
USE32 segment, with an EMS function code of DER in register AH and a VCPI 


function code in register AL. 


THE VCPI PROTECTED-MODE INTERFACE 


Subfunction 


03h: Get Numoer of Free 4K Pages 


D4h Allocate a 4K Page 
O5h; Free a 4K Page 


OCh: Switch from Protacled Mode lo V86 
Mode 
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Purpose 


Returns the total number of 4K-byte 
pages available to be allocated out of the 
server's EMS memory pool. 

Allocates a 4K-byte page of memory, 
Fress a page of memory previously 
allocated with sublunction Odh 

Switches CPU from protected moda back 
to VB6 mode after setting up all the 
server's system Lables. 
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extended applications. 

Each application can make use of EMS 
memory and VCPI functions once it 
knows for sure that they're available. 
That requires a scenes of checks: First. 
the program checks to sec if the CPU is 
an 80386; if so, the program looks for an 
EMS emulator; if it's there, the program 
turn£ the EMS emulator on by allocating 
one EMS page, putting the CPU into V86 
mode; finally, the program uses VCFI 
function Û to test whether VCPI is avail- 
able through the EMS driver. 

From that point on, the application can 
deal with extended memory and jump 
into protected mode through VCPI calls 
while still enjoying the advantages of 
running under DOS. (Of course, if the 
EMS driver doesn't support VCPI, the 
program will have to make its own ar- 
rangements for protected mode and ex- 
tended-memory support.) 

Of course, VCPI does require a cer- 
tain amount of extra work on the part of 
each control program. For example, 
each control program must maintain its 
own set of system tables, which it shares 
with the VCPI server. Also, the control 
programs—and applications—must al- 
ways use YCPI to switch into protected 
mode and then back to V86 mode. 


What Hath Not OS/2 Wrought? 

Is VCPI a replacement for OS/2? Not 
really, VCPI isn't a multitasking operat- 
ing system with all the trimmings—it’s 
really just a kludge that reduces a bit of 
the anarchy that was bound to arise when 
single-tasking, 640K-byte-bound DOS 
came face-to-face with a demand for 
multitasking and big applications. From 
that point of view, VCPI is just an attempt 
to stretch DOS's life out a little longer. 

But if it’s a kludge, it's a critically 
needed one, And right now, VCPI has 
two big advantages over OS/2. First, 
multitaskers and DOS extenders that use 
the VCPI are available today. They run 
DOS applications that are tried and 
tested, and they're the same familiar 
DOS programs that have been used for 
years— without the likelihood of new 
bugs or changes that could creep in dur- 
ing a rewrite to run under OS/2, 

Just as important, you need at least 4 
megabytes of RAM to do anything sub- 
stantial under OS/2. VCPI doesn't re- 
quire that much memory. In that respect. 
VCPI may be the perfect answer for users 
who already have an 80386-based PC 
and need to tap more of its power—but 
can't afford the cost of OS/2. m 


Frank Hayes is a BYTE news editor. He 
can be reached on BIX as "frankhayes. " 
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The MCSS-91M is GTEK's newest intelligent card for the Micro- 
Channel. The MCSS-91M provides 9 channels and comes with 
32K of Dynamemory that can be upgraded to 1 Megabyte. Call 
for details on the MCSS-8TX a Micro-Channe! version of the 
PCSS.8TX. 
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The PCSS-8TX is GTEK’s workhorse multi-channel serial IZO 
card with compact RJ-11 telco Jacks. The PCSS-8TX provides 8 
standard uarts arranged as either COM1/COM2, or memory 
mapped. Also available the PCSS-8X with DB-25 connectors. 


MODEL 9000 


lf speed is what you want, GTEK's 
^*^ Model 9000 Eprom Programmer 

A will never let vou down. Its quick 

М and intelligent programming 
A algorithms give you super fast 
speed. and you can program 
A the chip of your choice, in- 

А cluding MPUs, erasable bi- 
| polar prom equivalents 
and Megabit parts. 
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GTER's ROMX-2XL emulates 2758-27010 eproms and comes 

with communications software for PC/XT/AT/PS2 type 

computers, ROMX-2XL supports 16 and 32 bit data paths. The 

time saved on just one development project will more than pay 
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The PCS5.8IM is the popular BI card with mucho memory 
capability. The PCSS5-8IM comes wth 32K of Dynamemory 
and is user upgradeable to 2 Megabytes. Think about it — with 
Dynamemory, it's as if you had 32 Megabytes available (for 16 
queues). 
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The PCSS-8l 15 GTEK's mos! popular intelligent serial 1/O card. 
h provides 8 channels for PC/XT/AT/PS2-286 and is DOS 
Compatible. The PCSS-8] has 32K of Dynamemory. user 
upgradeable to 128K bytes. 
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Ten Times Faster than its predecessor, the 9800 Gang 
Programmer has supersonic QuickPulse programming 
algorithms. What's more, you'll get your programming com- 
pleted & times faster by programming 8 eproms at a time. Plus. 
the 9800 programs megabit parts. 


Order Now Toll Free 
800-255-СТЕК (4835) 


O.E.M. and Distributor Inquiries Welcomed! 


DEVELOPMENT HARDWARE & SOFTWARE 
P. О. Box 2310 


e Bay St. Louis, MS 30521-2310 U.S.A. 
| INC. FAX: 1-801-487-0936 


MS & Technical Support 1-601-467-8048 


АН СТЕК prnducis have a full I-year warranty and are 
manufactured by GTEK in the U.S.A. 


СТЕК s a Reqiterod Trademark of СТЕК. ine.. Dynamemory i5 a trademark of СТЕК. Inc., PC: XT/AT PSZ & Mero-Channel are Fagistered Trademarks of AM Corp 
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THE STATE 
OF OS/2 


OS/2, longer in ascendancy than planned, 


ell, it's clear by now that 
OS/2 is a flop. It just 
W never made the grade. 
Only a few hundred soft- 
ware vendors are writing 
programs for it, and only 400 programs 
are currently available. 
Huh? 


uh’? 
Yes, we all read that ''OS/2's not going 
to make it" stuff in the trade press. But, 
then, the trade press needs 
something to write about. 
OS/2 is actually not doing 
badly, all things considered. 
First, ГЇЇ give a little histori- 
cal perspective, and then I'll 
look at what's out there for 
OS/2 now. What can develop- 
ers do in building OS/2 appli- [у 
cations that they couldn't do 
under DOS, and are they 
doing those things? Also, I'll 
look at a few examples of 
unique OS/2 applications. 


Looking Back at DOS | 
Examining the history of 
DOS in the same way that 
OS/2 has been scrutinized 
would lead you to conclude 
that DOS is a real flop. As of 
early June, 400 OS/2 applica- 
tions were shipping—not 
DOS programs that can run in 
the DOS-mode session, but 
protected-mode OS/2 pro- 
grams. By the time you read 
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has a very bright future 
Mark J. Minasi 


this, 100 more programs should be 
available. 

Here's a look at DOS's record. The 
following examples are from two com- 
puter magazines: ап IBM PC-specific 
trade publication that published a com- 
prehensive list of available software for 
the PC in September 1982 (one year after 
the PC's release) and BYTE's first IBM 
PC special issue in the fall of 1983. 


The 1982 IBM PC Product Guide 
sports full-page ads from the big ven- 
dors, Corvus, of course, was the only 
company offering hard disk drives for the 
PC. Ashton-Tate was offering to “make 

r micro work like a mainframe" with 
dBASE II. A lot of game programs. 
Some snappy ads for a new kind of pro- 
gram, called Context MBA, that incor- 
porated spreadsheet, database, and 
graphics all under one roof. 
Lotus 1-2-3 wasn't to appear 
for a year yet. Excluding 
games, 600 programs were 
available for the IBM PC one 
year after its release. Of the 
600, nearly a third were for 
program development—com- 
pilers, utilities, and libraries. 

BYTE's first special issue 
on the IBM PC was actually à 
regular issue (November 
1983) that featured several ar- 
ticles about the PC. By this 
time, the P'C had been around 
for slightly over two years. 
The debate about whether or 
not it would endure had dis- 
solved. However, the market 
still had some growing to do. 
My copy has a dog-eared page 
so I could easily find an ad for 
an interesting new compiler 
called Turbo Pascal. 

Jerry Pournelle wasn't even 
using a PC yet, although he 


continued 
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OS/2 


DOS? 


MultiBoot 
is the answer. 


BYTE May 1989 


[se MultiBoot Brings OS/2 


Back to Earib 

Bolt Systems has come to the rescue with 
o program called MultiBeot, which does 
awoy with the ducl-boct problem for 
good .... 
MubltiBoot is simple, inexpensive, and 
foolproof, and it works flowlessly. IFs a good 
example of o utility that fills о much-needed 


niche. 
4 —Stan Miastkowski эў 
05/2 NOTEBOOK E 


Once you've spentHhousands of dollars on 
OS/2 ond an OS/2-ready work station, 
what's another $49.95 to hove easy access to 
DOS? Highly recommended. 


E -Wark Minasi ў 


Not all DOS programs work inthe O5/2 
compatibility box. MultiBoot lets you 
install bath systems in your computer. 
MultiBoot works with DOS versions 
3.0-4.01 up. And OS/2 versions 1.0 
ond 1.1. 


TO ORDER: 


Send $49.95* + $3.00 shipping and 
handling (check or monay order) to: 


MultiBoot, Bolt Systems, Inc. 
4340 East-West Highway 
Bethesda, Moryland 20814 

or call 1-301-656-7133 

FAX: 1-301-907-8736 1o order 
by Visa/ Mastercard. Specify 3.5" 
or 5.25" diskettes. 

"Maryland residents odd J% sales oa. 

Ask about our volume discounts 
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THE STATE OF 05/2 


mentioned in his column that he would be 
getting one soon. One author in the issue 
claimed that the PC would be popular be- 
cause (1) Digital Research’s CP/M-86 
would catch on with the release of its 
DOS emulator and (2) Logitech would 
soon release a Modula-2 compiler for the 
PC that would open the door for loads of 
new applications to be written. 


Back to the Present 

Today, OS/2 looks similar to DOS in 
1082. Getting started costs about the 
same amount of money. Back then, a 
256K-byte PC with two floppy disk 
drives (essential for developrnent), a dot- 
matrix printer, an editor, and a compiler 
cost about $4500, Starting OS/2 with an 
80286-based machine, an §0-megabyte 
hard disk drive, EGA, 4 megabytes of 
RAM, and basic software tools runs 
about $5000. 

A sizable proportion of the software 
available now for OS/2, although not the 
majority, is useful mainly to developers. 
And the learning curve is steep. The ter- 
minology of graphical programming in- 
terfaces. threads, queues, dynamic link 
libraries, and the rest takes some getting 
used to. But in 1981, who knew what 
^ ts" and “offsets” were, or how 
to (or why to) hook BIOS vectors. The 
sole documentation on assembly lan- 
guage code was the IBM/Microsoft 
Macro Assembler manual, which ex- 
plained nothing except which op codes 
were which. The MASM manual had no 
examples of actual assembler programs 
and no tutorial information. 

The OS/2 development situation is, in 
some ways, better than the DOS situation 
was at the one-year mark. Developers 
understand the iapx86 architecture, al- 
though some relearning is needed to 
work with protected mode. And 05/2 
documentation and third-party refer- 
ences are more plentiful than DOS books 
were in 1982. 05/2 is still a bit unstable, 
but compare it to DOS 1.0. Early DOS 
wouldn't support serial printers and 
most utilities (&.g., BASICA and DISK- 
COPY). Also, it wouldn't use the full 
640K bytes, and hard disk drives weren't 
supported. Vendors had to patch COM- 
MAND.COM to make devices work! 


Current OS/2 Applications 

Оте source of application information 
for OS/2 is IBM and Microsoft's Operai- 
ing System/Z Application Guide. (To get 
& free copy, call (800) 426-2468, ext. 
120.) The guide lists these 13 application 
Categories (with the number of applica- 
tions in parentheses): accounting (160), 
business (140), communications (100), 
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database (82), desktop publishing {17}, 
engineering/scientific (78), graphics 
(66), industry-specific (240), miscella- 
neous (27), spreadsheet (5), tools (142), 
utilities (70), and word processing (14). 
Note the profusion of industry-spe- 
cific products— vertical-market pack- 
ages. This mimics the DOS experience. 
The accounting category contains, 
well, accounting packages. Business is a 
potpourri of everything from device 
drivers for WORM (write once, read 
many times) drives to more accounting 


Two companies, GammaLink and Pa- 
cific Image, are offering fax boards and 
software—an ideal offering. Fax boards 
and PCs together have the advantages 
that they eliminate the need for a sepa- 
rate fax machine, print in higher resolu- 
tion, and print on laser paper rather than 
the slimy fax paper. But they are less 
than perfect because they can't provide 4 
24-hour-a-day incoming fax service 
unless you're willing to dedicate a PC to 
faxing—which makes PC-based fax 
pretty expensive—or unless you run the 
fax board in a multitasking operating sys- 
tem. OS/2 and fax, then, are made for 
each other. A package from Inset Sys- 
tems, HiJaak, will convert fax image for- 
mats to and from other graphics stan- 
dards (c.g., .PCX, .DRW, TIFF, and 
. PIC) just about any file format you 
can name. 

Communications includes the usual 
array of 3270 and VT-100 emulators, as 
well as X.25 and TCP/IP gateways and 
development tools. Unlike DOS, OS/2 
supported LANs almost from day one 
with the LAN Manager. LAN Manag- 
er's performance is, even in its first ver- 
sion, on a par with older, more refined 
network operating systems. Also, it 
lacks their drawbacks, namely, alien file 
systems and the continual worries about, 
“Will this work with the next version of 
DOS?" 

Some of the old favorites, like Cross- 
talk XVI, aren't out yet for OS/2. How- 
ever, there is no shortage of basic asyn- 
chronous programs, like Hilgraeve's 
HyperAccess/5. Logistique LMM has 
Offered its shareware Procomm-like 
Logicomm for over a year now, and it's 
my communications mainstay at the mo- 
ment—not because of anything lacking 
from the other packages, but because I 
learned Logicomm first and haven't had 
tíme to explore the alternatives. 

Databases are QS/2's first application. 
R: base System 5 for OS/2 was one of the 
first, if not the first commercially avail- 
able OS/2 application. Access to a lot of 

comimued 
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200 MBytes of DONE, speed and security 
in a revolutionary, removable hard drive. 


t last, the Disk Pack gives 
A you everything you've al- 

ways wished for in a data 
storage system. The speed and high 
storage capacity of a hard drive. The 
ease and convenience of a floppy disk- 
ette. And the safety of a tape backup. 
All wrapped up in a state-of-the-art 
rugged unit, about the size of a paper- 
back book. Designed to make your life 
a lot simpler and more secure. 


True portability is here 
Just picture this: With the Disk Pack 
you carry your whole work environ- 
ment with you, wherever you go. All 
your files, all your data stay orga- 
nized and configured just the way you 
created them. Between 
your office and remote 
sites. Or home, Or an- 

other department. You 
can even mail a Disk 
Pack. It’s that 
BA rugged. 
The Disk Pack frees 
Ju from ibe consimiints 


of fixed computers. Your whole 
Work mertronment fils in (be palm of pour band. 


Total security for your data 
Simply slide out a Disk Pack module 
and lock away your entire business 
customer base and payroll figures in 
a drawer or sale, Same for lawyer, 


banker or accountant sensitive data 
and Uncle Sam confidential informa- 
tion. All fully secured in a snap. 


fied full data portability and security on 
tbe computer af your choice Macintosh 
PC-Compatible or P572 


Blazing speed 
Rock-solid reliability 
Limitless expansion 

Breakthrough technology makes the 
Disk Pack four to five times more 
reliable than other removable prod- 
ucts. Access times as low as 13 ms 
make it one of the fastest hard drives 
on the market. The Disk Pack doesnt 
limit you to a single storage capacity 
either. You can interchange 20-, 40-, 
80- or 120-MByte modules in your 


For more information сай 


1-800-322-4744 


Disk PACK 
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system and between systems. Link 
modules up for а whopping Half- 
GByte + of on-line data, Store them 
for unlimited off-line data. And do 
lightning-fast data backups. 

That's not all. The Disk Pack turns a 
shared computer into your fully per- 
sonal machine within seconds. It's 
ideal for space grabbing applications 
such as color graphics, CAD, or 
music. One Disk Pack module does 
the job of | 
100 diskettes. 
Ten times 
faster. And with 
a lot less hassle. 


And thanks to 

the Disk Pack’s | 
Tbe Dict lack is idea for 

unique archi- dala security, Lock Ш away — 

lecture, you'll and forget about accidentat ar 

use it equally ініеніюна! ditta dots, 

well on any Mac, Apple, PC-compati- 

ble or PS/2 computer, It's that advanced. 
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memory greatly improves database 
speed, as any user of one of the “ex- 
tended" database products like Fox- 
BASE 386 or Paradox 386 can attest to. 
Name any major database product, and 
it's available for OS/2 now: Oracle, Fo- 
cus, Informix, Paradox—even the prod- 
uct similar te dBASE IH Plus, Quick- 
silver/ SQL from Wordtech. 

Large scientific and analytic pro- 


S/2 
programs can be 
fundamentally different 
from DOS programs. 


grams are being moved from VS FOR- 
TRAM on IBM mainframes to OS/2, 
now that the memory to do these applica- 
бопе justice is available. Powerful pro- 
grams like MACSYMA and Mathema- 
tica will no doubt show up in an OS/2 
incarnation. Matrix manipulation, linear 
programming, and statistical packages 
are all either delivered or on their way. 
The same programs that you needed a 
mainframe to use five years ago fit in 
Q53/2's memory space quite nicely. 

Every major desktop publishing pack- 
age will be on OS/2 by the end of the 
year, as well as a few new ones. And 
where would desktop machines be with- 
out word processing? The two biggies, 
Word and WordPerfect, are both out in 
Q5/2 versions. And they don't run badly. 
IBM originally offered the first OS/2 
word processor, Display Write 4/2. Now 
there's DisplayWrite 5/2. Of course, 
with all this memory and graphics, word 
processing will continue to look more 
and more like desktop publishing. 


Do OS/2 Applications Differ? 
At this stage in OS/2's development, 
most programs are mere ports of DOS 
programs. This 19, again, a repeat of the 
DOS experience, where the early DOS 
programs were ports of CP/M applica- 
tions. The first dBASE П was indistin- 
guishable from the CP/M version, as 
were early WordStar and VisiCalc. Ash- 
ton-Tate actually shipped the CP/M 
manual with the first dBASE II. 

But OS/2 programs can be fundamen- 
tally different from DOS programs, for 
several reasons: 
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First, LAN capabilities are built tnto 
05/2, Machine-to-machine communica- 
tions avenues are right there. Developers 
needn't mess around with NetBIOS to 
write LAN-awarc applications. Remote 
execution (another feature built into 
OS/2) and a machine-to-machine com- 
munications system called named pipes 
provide the foundation for client-server- 
type applications. 

Second, OS/2 provides system tools 
that make multitasking programs easy to 
create. For example, why should you 
have to wait while saving a file in à word 
processor? You should be able to keep 
working while the save goes on concur- 
rently. This can be done under DOS, but 
it requires а lot of tricky code. OS/2 has, 
built in, the notion of threads of execu- 
tion. It's relatively simple to set up a pro- 
cedure within à program as a separate 
thread of execution that runs in parallel 
with the main program. In the word pro- 
cessor case, the "save" thread could save 
the file in the background while the main 
editing thread continued. The thread- 
creation and thread-destruction mecha- 
nism is fast, and it involves fairly low 
overhead. 

Third, OS/2's minimum platform is 
richer than that for DOS. The DOS de- 
veloper who wants to sell many copies 
most write а program that will run well 
on the average user's machine. The aver- 
age user doesn't have a mouse, so іле 
program shouldn't require one (unless 
it's a Windows program, which assumes 
that it's on a platform that requires a 
mouse). There are several competing 
video graphics standards, and some 
video boards don't support graphics at 
all, so you shouldn't include graphics in 
a crucial section. Or, if you do supporti 
video, you must support all kinds of 
video—Hercules, CGA, EGA, and VGA 
at a Minimum; AT&T, 3270 PC, 
8514/A, and Professional Graphics 
Adapter in the next bunch; and so on. 
Ditto color. Very discouraging. 

OS/2 eases the burden. The OS/2 de- 
veloper knows that the target machine es- 
sentially must have a mouse and must 
have video, and the video is managed by 
the Presentation Manager (PM), so there's 
no need to worry about what type it is. 

Are OS/2 programs different from 
DOS programs? Initially, not so much, 
but the newer applications are showing 
off OS/2's unique features. 


How Not to Write 

an OS/2 Application 

As I said earlier, at this stage in OS/2's 

history, applications are genera)ly just 
centinued 
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DOS conversions. Let's look at an exam- 
ple of how nor to write an OS/2 applica- 
tion. I don't want to narne any names, be- 
cause the product itself is pood enough in 
its particular product category. Most of 
the current OS/2 programs share its sins, 
so I don't want to beat up on it in particu- 
lar. This application searches for data on 
a hard disk, akin to what GOfer does 
under DOS. It has the ability to search 
across a fairly wide variety of string 
patterns. 

Under OS/2, this program doesn't 
seem to have any new functions. Basical- 
ly, you fill out a request screen that in- 
cludes the search criteria that you want to 
use. ] can say something like, "Find a 
line where ‘banana’ and ‘monkey’ show 
up, but not where ‘ape’ shows up." Then 
the program starts searching over what- 
ever paths and filenames I tell it to. Very 
nice. 

But tbe program keeps grinding away, 
one file at a time. It informs me at the 
bottom of the screen that it has found, let 
us say, 30 proper matches. It is still 
working to find others. Think about that: 
This program has found 30 files that 
match my criteria, and it's making me 


t this 
stage, OS/2 applications 
are generally just 
DOS conversions. 
= 


wait while it looks for others! That’s def- 
initely crazy. The edit/display screen 
should come up immediately with the 
first match, and the program should then 
spawn a thread in the background to keep 
searching. 

As the application searches, it comes 
across a system file, OS2.INI. It gets a 
"sharing violation." Well, of course it 
does—that file is kept open by the sys- 
tem. Does it skip over it? No, it actually 
wants me to answer “Continue or Stop? 
(C or S)" for every silly open file. On 
DOS, that's no sweat—there aren't too 
many open files. But on OS/2? Give me a 
break. Even if the error were legitimate, 
the program should keep searching other 


files while waiting for advice on the 
problem file. 

There are other problems, but you get 
the picture. Even big-name word proces- 
sors don't have background saves incor- 
porated yet. DOS-ported programs ex- 
ploit OS/2 features chiefly in cases 
where the developer has already labored 
to add a feature to the application that 
DOS lacked. The most common one is 
virtual memory. For example, BRIEF, a 
text editor under DOS, can edit files 
that are larger than memory. Under- 
Ware, BRIEF's developer, added extra 
code to provide the ability to spill file 
overflow onto a disk. UnderWare happily 
removed the extra code for the OS/2 ver- 
sion, because virtual memory is an auto- 
matic and integral part of OS/2. 

The applications that exploit OS/2 fea- 
tures, as would be logical, are those that 
have been built from scratch under OS/2. 
Hamilton Laboratories’ Hamilton C 
Shell is an example of this. It makes disk 
searches seem much faster, for example, 
by cleverly exploiting multithreading. 
Since making an application a PM appli- 
cation requires some massive code re- 
writing, the pile of programs coming in 
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processing and desktop publishing—the next generation 
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for PM will no doubt be built to be more 
OS/2-aware. 


06/2 Applications Will Appear 
Unexpectedly high memory prices and 
delays from Microsoft and IBM on devel- 
Oper tools have held back OS/2 develop- 
ment. But memory prices are subsiding, 
and the tools that are out now are fairly 
good. Third-party debugging products 
like Logitech's MultiScope are powerful 
additions to any programmer’s toolkit 
that simplify development. 

One reason why OS/2 applications will 
probably continue to appear is that devel- 
opers report that once they get started 
with OS/2, they find that they like it as a 
development environment. Since it is a 
protected-mode operating system, appli- 
cations cannot go too awry without trip- 
ping a protection exception that causes 
the operating system to shut down the er- 
rant program. Thus, a not-yet-debugged 
program won't crash the entire system, 
only its session, which is then easily 
restarted. 

I've yet to talk to a developer who was 
dissuaded from working with OS/2 by 
the quality of the tools. Those who 
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choose not to write for OS/2 say it's be- 
cause OS/2 is Intel-specific, whereas 
Unix is not; 05/2 requires too much 
(compared to DOS) in terms of hardware 
platforms; OS/2 is buggy: or OS/2 
doesn't use the 80386 features yet, 
whereas some versions of Unix do. 

Like all software, OS/2 will improve 
with age. Around the time you read this, 
OS/2 version 1.2 will be released. It will 
incorporate fixes for things like the 
brain-damaged print spooler and the lack 
Of printer drivers, as well as introduce 
the much-improved file system. 

Next spring, the 80386 version of 
OS/2 will finally arrive in version 2.0. 
That will spur even more software. Re- 
member that the 80286, although blessed 
with its protected mode that lets it ad- 
dress 16 megabytes of memory, is cursed 
with having to address it 64K bytes at a 
time. This is not so with the 80386. It 
brings a new protected mode, a 32-bit 
mode that can address 4-gígabyte address 
spaces, with segments as large as 4 giga- 
bytes. No more fumbling with 64K-byte 
segments! 

There's a lot of software out there sit- 
ting on IBM mainframes, VAXes, and 


Unix boxes that hasn't been ported to the 
PC, partly because it's such a pain to cut 
and arrange everything to fit in the silly 
small Intel segments. With OS/2 2.0, 
that problem wil] go away. The 80386 
supports multiple DOS sessions, so ver- 
sion 2.0 can provide the best of both 
worlds—DOS multitasking and 80386 
OS/2 features. 

There are hundreds of OS/2 programs 
in existence today—and thousands more 
are still to come. Many are warmed-over 
DOS applications. But native OS/2 pro- 
grams will appear toward the end of this 
year and the beginning of next year. 
Memory prices are dropping, so the larg- 
est hardware barrier to OS/2 acceptance 
is slowly going away. The applications 
are broad-based and apply to many in- 
dustries and users. All these things spell 
success for OS/2—even if not the kind of 
success that IBM and Microsoft were 


expecting. 8 


Mark J. Minasi is a managing partner at 
Moulton, Minasi & Company, a Colum- 
bia, Maryland, firm specializing in tech- 
nical seminars. He can be reached on 
BIX as “mjminasi.” 


Desktop Publishing Together At Last. 


mouse and menu interface in multiple windows. Use Describe to 
create professional quality documents—anything from a quick memo 
to a textbook. Price: $595. Thirty-day money back guarantec. 
DeSeribe, Inc.; 4047 North Freeway Blvd. Sacramento, CA 95834, 
Tel: (916) 646-1111. Fax: 923-3447 
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IBM SPECIAL ISSUE 


ON THE 


PS/2S 


A look at IBM’s version of Unix 


BM has gone the distance 

for a qualifying Unix 
I event. [t has fully imple- 

mented ATX (its licensed 

version of Unix) on the 
PS/2s. All the pieces are there, and they 
all work. But why should you consider 
using AIX? And for that matter, why 
should you consider using Unix in any of 
its incarnations? 


Who Wants Unix? 
Although there are proprietary 
operating systems that may 
offer more capabilities for a 
specific task, Unix is a gener- 
ally solid and widely accepted 
operating system that runs on 
the widest range of computers 
in the world. As a result, it of- 
fers a consistent kernel 
around which application pro- 
grams can be wrapped, giv- 
ing developers maximum por- 
tability for their work. 

Unix was about 
20 years ago at Bel] Labs. 
Since then it has gone through 
many generations of design 
and distribution. It became a 
commercial operating system 
just before MS-DOS was 
thrust on the world, but at that 
time it was generally found 
only on large minicomputers 
and mainframes. Now that 
the microcomputer has grown 
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and why you should care 
Ben Smith 


to the power and capacity of the mini- 
computer of five years ago, Unix also is 
found on the desktop. 

Unix utilities and file organization 
have been the model for the enhance- 
ments of MS-DOS. In fact, Microsoft 
once published a memo ta developers that 
stated that each subsequent release of 
MS-DOS would bring it closer to Xenix 
(its license of Unix). 


Unix is nor a reasonable operating sys- 
tem for a single user running a single ap- 
plication program such as Lotus 1-2-3, 
although it is quite possible to do just 
that. Unix is a reasonable operating sys- 
tem for a single user doing several tasks 
concurrently; it is an excellent operating 
system for many users sharing comput- 
ing resources and information. 


Unix Versions and Politics 
Unix goes by many different 
names (e.g., AUX, AIX, UI- 
trix, Xenix, and HPUX), but 
these names all reflect source 
code licenses from AT&T for 
roughly the same thing. Each 
vendor has added its own util- 
ities and enhancements. The 
basic core and utilities remain 
the same throughout. Until 
recently, all the vendor li- 
censes for Unix fell into two 
flavors, System V and BSD. 
System V represents the 
"pure" AT&T release. BSD 
(Berkeley Software Distribu- 
tion) is connected with a path 
of parallel development from 
the common parent, System 
7. BSD was the first version to 
take advantage of the virtual 
memory capability of the 
YAX. Nowadays, all Unix li- 
censes have many BSD fea- 
tures and utilities. 

continued 
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“BOOST YOUR 
PRODUCTIVITY 
WITH A 
BUNDLE OF 


FAST, 


POWERFUL 
SCREEN AND 
KEYBOARD 
UTILITIES!’ 


NEW VERSION 3.00 


¢ Speed up screen writing 2-8 times! 
* Адо zip to cursar keys 2-5 times! 
+ Get back up to 800 scrolled pages! 
~ Save valuable scrolled info to disk 
• Extend your ANSLSYS to VT100 В more 
= Turns off screen when not in use 
a 43/50/60/B0 tino EGA/VGA support 
+ 90100132 column EGA/VGA support 
* Fix bugs In EGA/VGA ROM BIO 
=» Keyboard BIOS for 101 key kayboards 
* Over 60 useful options! 
1 * Works well wihousands of 
~ Used by thousands since 1964 
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Z РС Magazine June 23. 87 pg 281. 
Д "Programmers who like to tinker will 
m enjoy it” 

Ф —InfoWorld October 19, 87 ро 67. 
& "You will refuse to use a computer 

Ж without it^ 

= -Allred Glossbrennor Master Guide 
2 To Free Software 1989 pg 287. 

& "Quite useful, ... HS a certifiable 

e bargain" 

| ~Embedded Systems Programming 
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User Manual & 2695" or 1@3" Disks 


Only $75! мм, 


User & Tech & 4025" or 293" Disks 
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Only $104.95 м | 

(plus $4 sth in 48 states) Д 

With No Risk, 60 Day Мопеу-Васк | 
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CALL (313) 994-3259 Now Ё 
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or apecial order 
at your favorite software store 


HERSEY MICRO CONSULTING, INC, 
Box 8276, Ann Arbor, MI 48107 


Circle 131 On Reader Service Card 
To Gel FREE Brochure wiReprinis 


AIX ON THE Р5/25 


Recently, AT&T and Sun Microsys- 
tems (which is the major exponent of 
BSD) reached an agreement to codevelop 
the next release of System V, merging the 
two versions. But there was a strong neg- 
ative reaction from many of the manufac- 
turers of hardware for Unix, including 
Hewleti-Packard, Digital Equipment 
Corp., and IBM. Although each of these 
companies had adopted many of the BSD 
features into their versions of Unix, they 
believed that the coalition of AT&T and 
Sun shut them out of the control of the 
new standards, They decided to form 
their own standards organization, the 

Software Foundation. All mem- 
bers of this list of elite computer manu- 
facturers contributed huge amounts of 
money and personnel to form OSF. IBM 
also contributed the source code of AIX, 
its enhanced version of Unix. 

There is no doubt that ATX will be a 
major design element in the OSF stan- 
dard verston of Unix. And there is also 
no doubt that OSF will influence future 
releases of AT&T versions in the same 
way that BSD has. Although the union of 
BSD and System V spawned a new child, 
OSF, a child often influences the deci- 
sions of the parent. AIX will be an im- 
portant element of design in all future 
versions of Unix. 


AIX 

Traditionally, IBM offered Unix only on 
its RT (RISC technology) machines. But 
last autumn, it announced that it planned 
to offer Unix on all families of com- 
puters, from its largest (3090-600) down 
to its smallest, the PS/2s, the first for 
which it was released. И is shipping, and 
it is good; but it's also immense. AIX for 
the PS/2s includes not only all the stan- 
dand stuff (a selection of shells, editors, 
mail system, communications, compiler, 
report generator, calculator, and so on), 
but also networking protocols (TCP/IP), 
3270 support for interfacing with tradi- 
tional IBM machines, DOS as a guest op- 
erating system (Merge), communications 
with terminal emulation (ATE), and à 
generous supply of excellent tools for the 
application program developer. 

With all the modules available for 
Р5/2 AIX, there are 50 1.44-megabyte 
disks. That comes to more than 70 mega- 
bytes for the operating system and asso- 
ciated utilities! 

Installing an operating system: of that 
size is no small matter. And, if this is 
your first time, plan on doing it twice. 
The first installation will serve to ensure 
that everything works. The second will 
be necessary to get the disk partitions 
that you really need, Don't plan on the 
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second one unti! you have spent at least a 
few days experimenting with the first in- 
staljation. Ве sure to spend some of your 
time with Merge. Decide how much disk 
space you want to dedicate to pure DOS, 
Put aside at least 4 hours for cach instal- 
lation. (With experience, you can prob- 
ably get that down ta 2 hours.) 


Merge 

If you are a DOS user migrating to Unix, 
you will definitely want Merge (devel- 
oped by Locus Computing) on your PS/2 
AIX. When you run Merge, everything 
appears as it would when running à va- 
nilla DOS, even though you are actually 
running ATX as the host and the disk is 
really a Unix (AIX) file system. Merge 
manages and maintains DOS files and 
programs on an AIX partition. (As I 
mentioned, you may still want a purely 
DOS partition, though.) 

Merge is really the hook in ATX that 
enables you to run DOS. It is not a DOS 
emulation like VP/ix (from Interactive 
Systems), With Merge, vou actually in- 
stall a fully licensed PC-DOS. Disk 
drives, serial ports, and the screen all 
behave as if you were running DOS inde- 
pendently of any other operating system. 
I actually ran System Sleuth from the 
Merge DOS (see the Short Take "Sleuth- 
ing Your Troubles Away,” June BYTE). 
Everything behaved as if there were 
nothing between DOS and the real physi- 
cal devices, except when I was memory 
snooping: There appeared to be only 
640K bytes of memory when, in fact, 
there were 6 megabytes. 

DOS is run on a virtual machine, and 
the devices are managed by Merge and 
AIX. But your DOS programs wil] never 
know: a wonderful and useful illusion. It 
is so well done that you can easily forget 
that you are actually running Merge. The 
stand-alone DOS versus Merge DOS per- 
formance degradation is trivial (pro- 
vided that you have sufficient memory in 
your system to dedicate 1 megabyte to the 
virtual machine). 


AIX Is Unix 
It is nice to have a transition from DOS to 
Unix, but the real question is, how good 
15 AIX as a Unix? There had been some 
rumors that AIX was not really Unix. 
Not true: AIX is real Unix (whatever that 
might mean). It will be fully POSIX- 
compliant. (POSIX is the operations 
specification currently being developed 
by ANSI and IEEE. It is being supported 
by the U.S. government and will prob- 
ably be supported by the Internationa] 
Standards Organization.) 

continued 
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| The Analog Behavioral Modeling option 
for PSpice allows one to describe analog 
components, or entire circuit blocks, using 
a formula or a look-up table. For linear 
blocks, the description can be either a Laplace 
transform or a table of frequency response. 

| Once defined, PSpice can simulate circuits 
including such blocks. 


The ability to model entire blocks of circuitry is a 
powerful aid in designing a system from the top down. 
-—] A functional block can be described by its behavior 

| without worrying about how that function will be 
| implemented. Later, the block can be replaced by the 
actual circuitry, 


] Another application is the modeling of electronic 
| components which are not built into PSpice. The 

photo above shows an example of simulating the DC 
| characteristics of a 3/2-power-law device. 


_ | Since its introduction over five years ago, MicroSim's 

_ | PSpicehas morecopies sold than all othercommercial 
| 9pice programs combined. Here are some of the 
| features which have made PSpice so popular: 


|  *Standardparts librariesofover2200analog models: 
diodes, bipolar transistors, small-signal JFET's, 
power MOSFET's, opamps, voltage comparators, 
| transformer cores, and opto-couplers. 
* GaAs MESFET devices, BSIM MOS model. 
* Non-linear transformers modeling saturation, hys- 
teresis, and eddy current losses. 


e Ideal switches for use with, for example, power 
supply and switched capacitor circuit designs. 
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Analog Behavioral Mo 


Besides Analog Behavioral Modeling, these other 
PSpice options are also available: 


• Digital Simulation, which allows one to simulate 
mixed analog/digital circuits with feedback between 
the analog and digital sections. 

* Monte Carlo analysis to calculate the effect of 
parameter tolerances on circuit performance. This 
includes statistical, sensitivity, and worst case 
analyses. 

* The Probe “software oscilloscope” provides an 
interactive viewing environment for simulation 
results (see photo above). | 

* The Parts parameter extraction program, allow- 
ing one to extract a device's model parameters 
from data sheet information. 


PSpice is available on these computers: 

* The PC family, including the PS/2, running DOS, 

Protected Mode DOS, or OS/2. 

* The Macintosh II. 

* The Sun 3, Sun 4, and SPARCstation families. 

* The Apollo DN3000 and DN4000 workstations. 

* The VAX/VMS family, including the MicroV AX, 
Eachcopy of PSpice comes with ourextensive product 
support. Our technical staff has over 100 years of 
experience in CAD/CAE and oursoftware is supported — 


by the engineers who wrote it. With PSpice, expert 
assistance is only a phone call away. 


For our free information packet, including a PSpice 
demo diskette, call us toll free at (800) 826-8603 or, in 
California, (714) 770-3022. Find out for yourself why 

PSpice is the standard in circuit simulation. | 
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iroducinv OS/f 


J# ® Mbytes of memory « 2 sertal ports, 

» Extended and expanded memory. LIM 4.0. 

»* Works with all of your programs. 

>” Run DOS or 05/2 effortlessly. 

i Fast and simple switchless installation. 

ни Auto-configuration for all operating systems. 

yî Works in all Micro Channel" computers. 

Expanded memory 10 times faster than Intel. 

Risk free guarantee. Fwo year warranty. 

ве ІВМ approved ID. Best price. Fast delivery. 
Call today 1-800-234-4232 or 617-273-1818 


CEC 


Capital Equipment Corp. 
Burlington, MA. 01803 
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NOW IN C, PASCAL & MODULA 2 
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GFX GRAPHICS LIBRARY 
GFX FONTS & MENUS 


GFX Fonts & Menus Library: 
Now you can provide that slick 
graphics user interface: pull- 
down menus driven by mouse 
or hot-keys; dialog boxes; forms 
boxes; context-sensitive help 
boxes; and much more: 


Great Mouse Sup 
Huge Font (100 PP Selection 
Suggested Retail: $150.00 


GFX Graphics Library: 


library, With virtual colors and 
mig video n rg 
мазы а viewport wid 
automatic p eie ыа and 


5 Offer Til Nov 15, 1989 
oth Libraries: $175.00 
Check/COD/PO or Visa/MC. 
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The GFX Libraries: 

Both graphics libraries have 

been translated from C to Pascal 

& Modula 2. No huge driver to 

load at rur-time. Just small, fast, 

linkable libraries. Each library 

stands alone. Use them 

or with other graphics libraries. 

Common Features Include: 

cl. a. 

in 

Video Modes: CGA. EGA and 
VGA (up to 800x600x16), 
Hercules, 640x400 Mono. 


үрле а же тч 


Metaware, Zortech 
Pascal: Borland, Microsoft 


Modula 2: Logitech, JPI 
Free Demos: from 24 hr BBS. 
816 478-0944 BDa/1SvNoFPa. 


Call or write for literature: 
C Source, Inc. 
400 NE Point Dr 
Lee's Summit, MO 64064 
TEL: 816 478-1888 FAX: 816 478-3133 
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AIX contains all the standard System 
V calls and utilitics as wel! as most of the 
Berkeley calls and utilities. Where there 
are overlaps, Berkeley Unix is given the 
decision. For instance, 1s to the яап- 
dard output (sereen) defaults to a multi- 
ple-coturan list of the file subdirectory. 
The UUCP (for Uinlx-t-Unix communi- 
cations) system is the HoncyDanDer ver- 
sion, ВМО (Basic Nerwork Utilities). 
This more modern set of utilities has 
more versatile device-control tables and 
remote-site specific permissions offer- 
ing better security than the earlier ver- 
sions found on System V machines. None 
of the machines using the Systern V BNU 
were affected by last year's network 
worm that brought thousands of com- 
puters to a standstill. 

The system administration and X Win- 
dow management programs are IBM's 
own (more on these later). You will not 
find EMACS, but vi and its friends are 
there. The mail system is the Berkeley 
version. The compiler is IBM's. AIX 
looks like Unix, feels like Unix, acts like 
Unix, runs Unix programs, and is a Unix 
license. It 15 as solid as any Unix you wil! 
find. I have no complaints. In fact, I have 
many compliments. 

Perhaps due in part to shared libraries, 
but also to good operating-system engi- 
neering and compiler design, AIX is 
faster and more efficient in almost every 
activity than other versions of Unix on 
the PS/2s, The only exception is an im- 
portant one: floating-point operations. 
Without a math coprocessor, floating- 
point operations creep along. With the 
addition of this expensive piece of ce- 
ramic and silicon, the floating-point op- 
erations are marginally better than their 
поп-А1Х counterparts. (1 obtained these 
results with an carly version of the new 
BYTE Unix benchmarks [available on 
BIX or on disk; see page 3 for details]. 
Unfortunately, the 25-MHz PS/2 Model 
70-A21 that I was using was also an early 
release, and the machine died before I 
could complete the benchmarks.) 


Special Features 

Not the least of my compliments for ALX 
comes from my gratitude for decent 
documentation. Although the binding of 
the documentation is far from elegant, 
the writing and organization are a con- 
siderable improvement over the standard 
AT&T documents. I have eight full sets 
of Unix documentation from various 
sources. The prettiest are Apple’s A/UX 
manuals. But IBM's is the most useful 
and readable. Most Unix implementers 
do little more than republish the AT&T 
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TimeWands - The Obvious Choice 


You have specific bar coding requirements. 
That's why we give you a choice! 


The TimeWand ll is a ruggedized bar code 
reader ready for heavy-duty use. Its 
programmability allows your custom applications 
to be pre-set with prompts and cross-reference 
files. The large internal memory sizes of 32, 64, 
and 128K easily hold a day’s worth of 
transactions along with the date and time of 


each entry. 


If your data collection needs are 
simpler, the original TimeWand MH 
offers a cost effective 
alternative, The TimeWand ! 
date and time stamps each 
bar code scan, like the 
TimeWand II, but is 
contained in a smaller and 
lighter package. Even though it 
is compact, the TimeWand can still 
gather an impressive 2000 scans. 
Videx and TimeWand are registered trademarks of Videx, inc. 


Both TimeWands transfer their data through the 
host computer's serial port where the data is 
stored in an ASCII text file. This allows the data 


to be easily combined with a wide variety of 
software packages. 


Choosing either the original TimeWand or 
TimeWand II provides you with a quality bar code 
reader at an affordable price. Call Videx at 503- 
758-0521 and ask for your free information kit. 


TimeWand (BK)................... 
TimeWand Il (32K).............. 


1105 NE Circle Blvd. 
Corvallis, OR 97330-4285 
503-758-0521 * FAX 503-752-5285 
See us at ScanTech, Oct. 1719, San Jose, CA, booth #1529; 


Comdex/ Fal 89, Nov. 13-17, Las Vegas, NV, booth #2998; and 
at AutoFact, Oct. 3I-Nov. 2, Detroit, MI, booth #2659. 
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Table 1; You could spend around $4000 te become fully involved with AIX. 


AIX PRODUCT PRICING 


Е. 
Р5/2 AIX 


Description 


Kernel and basic Unix utilities. 


1- to 2-user license included: 
1-10 16-user license: add $200. 


Operating Systems 
Extensions 


UCP. message handier, mail, 
and some extensions to system 


administration and user tools. 


DOS Merge 
Usability Services 


Text Formatting 
System 


X Window System 


Hooks to run PC-DOS under AIX, 
Tools and interface for the novice. 


Plain ASCH) text formatting and 
lypeselting for CAT phototypesetter. 


Standard network and local windows 


communications and controls, including 
a primitive window manager. 


VS FORTRAN 
VS Pascal 
IBM C Language 


Application Development 
Toolkit 


Workstation Host 
Interface Program 


ТСРИР 


Ten/Plus 


Connections to IBM mainframes. 


Network communications and control, 


Interactive Systems’ visual shall, 


editor, and mail system for Unix. 


documents. IBM has completely edited 
the set and added many useful supple- 
ments. 

AIX's implementation of Interactive 
Systems' Ten/Plus user interface is a 
valuable addition. The core of this is 
INed, an easy-to-use and aesthetically 
pleasing integrated file manager and edi- 
tor. Although it is not as rich in com- 
mands as vi nor as flexible as EMACS, it 
is much easier to learn and allows multi- 
ple editing windows. [Ned provides а 
history of versions of INed files, from 
which previous versions can be recon- 
structed. Unfortunately, in order to pro- 
vide all these facilities, INed does not 
use plain ASCII files, although they can 
be imported and exported. Ten/Plus also 
includes a mail and remote-connect tn- 
terface. 

IBM has a more general-purpose win- 
dowed interface to AIX called Usability 
Services. I found this interface awk ward 
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and far from intuitive. It can be driven by 
a mouse, but it requires special Alt-key 
sequences as well. A good X Window 
manager and associated user environ- 
ment would be far more useful than this 


product. 

AIX does provide a solid port of the X 
Window System (from MIT). Although 
IBM contributed its own window man- 
ager, which provides little more than the 
public versions from MIT, all the parts 
are there if you wish to develop your 
own. I suspect that the AIX window 
manager is a stopgap until IBM starts 
shipping Motif (from the OSF), a truly 
complete graphical user interface and a 
probable winner on all counts. 


Important Subtleties 

Of direct importance to the developer 
and of indirect importance to the end 
user, AIX implements shared libraries. 
This means that those parts of different 


AIX ON THE PS/2S 


programs that are the same are icaded 
into memory only once. Shared libraries 
do not become part of the programs ший 
Ше ошаш» autually cud, rather than at 
time the programs are compiled and 
linked, Becausc a substantial portion of 
every program is common, shared librar- 
ies may usc less disk space. Processes 
that use shared libraries may also require 
less main memory but may load slower. 

As with all modern versions of Unix, 
the AIX kernel provides some form of 
virtual memory, the ability to run pro- 
grams that require more memory than is 
available in physical RAM. A process 
running under the kernel uses three stan- 
dard virtual segments: a text segment 
(usually the executable code of the pro- 
gram associated with the process), a data 
segment (the location of most of the vari- 
ables used by the program), and a stack 
(the active arca used for parameter pass- 
ing, register snapshots, and address 
stashing). The use of shared libraries 
may also specify additional text and data 
segments. ATX processes can also create 
and use segments that are shared with 
other processes. 

With the exception of the ugly and un- 
necessary messages issued from the C 
compiler that inform you that your com- 
piler is copyrighted by IBM, AIX devel- 
opment tools are excellent, efficient, and 
well documented. Virtual and shared 
memory, standardized program message 
services, program rnonitor tools, and an 
advanced symbolic debugger are features 
that enhance the standard Unix applica- 
tion developer's environment. 


Virtual Terminals 

AIX provides virtual terminals on the 
console (the &creen and keyboard con- 
nected directly to a PS/2). But unlike 
SCO Xenix and Interactive Systems' 
Unix, AIX does not use a simple entry in 
the device directory that looks to the sys- 
tem administration like any other serial 
termina] connection. Instead, a user al- 
ready on the system initiates a virtual ter- 
minal by issuing open followed by a 
command. For example, open sh opens a 
new virtual terminal running the Bourne 
shell; open dos opens a virtual terminal 
running DOS; and open login opens a 
new log-in. There are 17 virtual termi- 
nals available. A special key combina- 
tion rotates through the active virtual ter- 
minals. Processes associated with a 
virtual terminal continue even when that 
terminal is not being displayed. 


Weaknesses 
The trend these days is away from stand- 
alone Unix machines. Networked work- 


Stations and Unix boxes are the fashion. 
Although TCP/IP is fully implemented 
in ALA, the Network File System (devel- 

Sun Mierocyeteme) is micsing, 
even though it is included in Uritrix 
(DEC'» Unix) and the new System V. 4 
Unix standard from AT&T. Although 
NFS is missing, IBM has not been negli- 
gent. True to form, IBM is implementing 
its own network interconnectivity, the 
Transparent Computing Facility (TCF). 
(Sec “A Transparent Environment," 
July BYTE.) This provides far more util- 
ity and transparency than any other com- 
parable system. But it is proprietary to 
IBM, a great weakness. 

Another weak element in AIX for the 
PS/2s is the system administration inter- 
face. Old-time Unix systems required 
Spartan priests (always a rare class) as 
system administrators. AIX does provide 
а more consistent and carefully crafted 
set of system administration tools than 
were found in those antique systems. But 
its set of administrative tools is lackluster 
when compared to that of SCO and Inter- 
active Systems. 

There is no reason that a clever admin- 
istrator couldn't pull the AIX tools to- 
gether under à menu structure, but the 
whole idea is not to require a clever ad- 
ministrator. Small Unix systems seldom 
have more than a few users, none of 
whom should need to be wizarda. 


Why AIX on the PS/2s? 
The PS/2 configured for AIX is not 
cheap (see table 1), It is more than twice. 
as expensive as an 80386 AT clone run- 
ning SCO. So why would anyone want it? 
And why did IBM develop AIX for the 
PS/2s? The PS/2 Models 70 and 80 are 
designed as full 32-bit computers (unlike 
the AT machines). AIX for the PS/2s 
takes advantage of the new hardware. 
But of greater importance is IBM's 
commitment to AIX. At first, I ques- 
tioned the sincerity of its announcement 
to put AIX on the entire range of its com- 
puter families. IBM's demonstration at 
the 1988 Fal! Unix Expo started to build 
my confidence in the company. IBM has 
revived its RT line and has nearly com- 
pleted a full AIX for the 3090. These ef- 
forts are ing. The implementa- 
tion of the Locus Operating System as 
TCF is a great glue to bind together ali 
IBM systems. But the one grain of sand 
that tipped the scales of belief is the trin- 
ket that IBM handed out at the 1989 sum- 
mer Usenix, a little flashlight with the 
words, “We've seen the light: AIX.” 8 


Ben Smith is a BYTE technical editor. He 


can be reached on BIX as "bensmirh. " 
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ofthe competition. 


Ever wonder why someone else gets the promotion, 
Closes the bio deal or clinches the interview? People on 
fhe fas! track know hey re judged every day by how ey 
write. Winners recognize Ihe effectiveness ol a wall-wrt- 
ten latter to introduce a new produci, call а meeting, 
wese a sale, or secure an important interview. Good 
business writing lakes Ome and ft isn't easy. 


biroducing three new INSTANT SOFTWARE prod- 
ucis to slash writing time by 90%! 


inglant Business Letters, Instant Sales Leiers enu 


instant Resumes are complete writing systems Rat | 


make you and your IBM PC the equal of a юр executives 

professional office лїї, Each Instant package gives pau 

« а hee best-selling book on business, sales oF 
writing 


+ The instant Cardfile. Lat your PC keep track ol 
important business and personal contacts 


No Expertise Required 
The incredibly easy-to-use Instant Software lets you 
preview and select any letter on-screen, make important 
changes and select the name-and-address you want 
from Ihe computerized Instant Card file, Anyone with an 
IBM PC or compatible and any wordprocessing sofware 
can be writing lie a pra in minutes. 


Ordering Instant Business Letters, Instant Sales Leurs 
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DESQview 2.2 and DESQview 386. The 
multitasking, windowing environments 


that work 


with your favorite software. 


DESQview" is the operating environment Vet ees) ышна background. Run 32-bit 386 programs, like 
that brings 05/7" power te DOS And it FA "етае 2 раш Parad 386, and IBM Interleaf simultane- 
lets you, with your trusty 8088, 8086, E aene ES = ously with your favorite DOG programs. 
80286, or 80386 PC, leap into the next nest | All with the speed and performance you 
generation in PC productivity: For not xl [айг Ке ехресї out of your 386. And with protec- 
much money. And without throw: ME tion against ‘misbehaved’ programs. 
E, Promise and performance 
Introducing DESQview 2.2 And, of course, both DESQviews have all 
And now, DESQview 2.2 adds capabilities, долни еза гон ШИ the features that made prior versions the 
performance, and compatibility i choice in operating environments. 
enhancements you've been asking for: to multitask in 640K and 
"pm beyond. in windows or 
Like being dei hm Lea full screen. Transfer data. Access DOS via 
Express in wi eby-side, menus. Dial hone. And create 
and Metro. And the Intel Connection Co i ag کوټ‎ vindows side- Ned eos pin cie Ж 
Processor. Even use the DOS 4.0 shell with P5/2s. For example, DESQview overhead on 
DESQview. Have DESQview automatically install EMS 4.0 and 386 PCs can be as low as 10K on Our story gets better and better 
Quattro, Sprint, Aldus Microsoft EGA/VGA PCs. And DESQview actually ' 
Excel, Word Perfect, Dataease and as many as8) increases memory 30K on CGA PCs; 20K on If there's any doubt about our commitment to 
other And using the DESQview API, monochrome and Hercules PCs. That's good your PC and Р5/2 productivity, just look at our 
be able to dynamically link them. news for users of big desktop publishing CAD accomplishments over та рна А 
More bang; less bytes | Monsanto, and so many other major 
| | Introducing DESQview 386 corporations use DESQview. 
While other programs get bigger, we've worked к 
to make D iew smaller. And we've For users of 80386 PCs and PS/2s (or PCs with And why PC Magazine twice gave DESQniew its 
succeeded in а big way on PCs and P5/2"s with 80386 add-in boards, such as the Intel Inboard Editor’s Choice Award for “The Best Alternative 
extended, EMS 3.2 (AboveBoard), EEMS and 386), there's DESQview 386 (a combination of to 05/2," why readers of InfoWorld voted 
EMS 4.0 memory—as well as on 386 PCs and DESQview 2.2 and the new QEMM-386 DESQview “Product of the Year” three times. 
Quarterdeck Expanded Memory Why, by popular vote at Comdex Fall for two 
' g Manager, version 42). ur aer تیا‎ ee ml e M % 
DES E DESQview 386 gives you — н م ق‎ = е 
AJ j . 4 i jusl won thei 0 
extraordinary power. Run text, inte ка кили еш " 


CGA, EGA, VGA, and Hercules 
programs in windows and in the 


Goatinection 


DESQview lets you have it all now. 


QEMM. 

Break the 

640K barrier 
for $59.95 


Your 80386 PC, IBM Personal System/2 Model 
80, PC or AT with 80586 add-in board, as well as 
your IBM Personal System/2 Models 50 or 60 

can all break through the DOS 640K barrier. Now 
you can have maximum use of your 
menory—whether you have one megabyte or 
32— with the Quarterdeck бериле] ier, 
Manager. All without having to purchase special 
expanded memory boards. 

QEMM uses hidden 
features within your | 
existing memory to make 3^7 | 
it compatible with the p^s 
Lotus-Intel-Microsoft v d» e | 
Expanded Memory эч = 
Specification (EMS) version 4.0. 

Now you can run colossal , 
databases, and CAD models designed for 
expanded memory, using Lotus 1-2-3, y 
Framework, Paradox, AutoCAD, Excel 


more. 


And if you'd like to use these all 
together —multitasking beyond 640K— QEMM 
works with our popular DESQview multitasking 
environment, 

If you are one of the 12 million or so 8088, 
8086 or 80286 PC users who feel left out, don't 
despair. We have options that let you keep your 
computer and favorite programs and give you 
today what the newest PCs and operating 
systems are promising for the future. 

Visit your dealer for more information on 
barrier-breaking Quarterdeck products. 


DESQview API Toolkit. 
New C and Pascal 
Libraries, Debugger. 
Panel Designer. And more. 


ically along with the counter, 
API Reference Manual ake пен ре cal count thats 
The key to the power of the DESQview АЙ, our conditions can be specified so that only calls of 
Reference Manual contains all you need lo know interest are 
to write Assembly Language programs that take Д 
full advantage of DESG views capabilities. And API Panel Designer 
there's an "include" file with symbols and macros This interactive tool design windows, 
to aid you in development. suma, ар A — е 
APIC Library It includes an editor that сяр — 
, | image of your panel using simple commands to 
ee m ш enter, edit, copy, and move text, as well as draw 
of API functions. It aa ا‎ lines and boxes. You can then define the charac- 


Metaware" C, Microsoft® C, and Turbo C 
س‎ for all memory models. Included with 
the C Library package is the APT Reference 


leristics of the window that will contain the 
panel, such as its position, size, and title. Finally 
you can specify a am and types of fields 


Manual and source code for the library: re 

API Pascal Library Nw; The Panel Designer automatically generates 
The Pascal library provides interfaces for E all the DESQview API data streams necessary to 
entire set of API functions. It supports Turbo display and take input from your panel. These 
Pascal V4.0 and V5.0 compilers. Included are the data streams may be grouped into panel libraries 
API Reference Manual, source code for the library, and stored on disk or as part of your program. 
emp More Tools are Coming 

API Debugger Quarterdeck is committed to adding tools as 

The DESQview API Debugger is an interactive needed by our users. To that end we have been 
tool enabling the АРІ programmer to trace and working with Ashton Tale and Buzzwords 
single step through AFI calls from several International on dBASE III and dBASEIV 
concurrently running DESQview-specific translators. And in the works, we have BASIC 
programs. Trace information is reported sym- and DOS Extender libraries. 
‚шш = UN E 
Quarterdeck Office Systems, 150 Ву Santa Monica, CA 90405 (213) 392-9851 


For additional information, please use the following Reader Service numbers: DESQview: #282 QEMM: #283 API Tools: #284 API Conference: #285 


With VM/336 Multitasking, 


Unlike multitasking environ- 
ments winch force each task to share 
one copy of DOS, VM/386 is the 
only 386 control program which 
provides complete task independ- 
ence. With our virtual machine 
architecture, designed specifically 
for the 80386 microprocessor, you 
can even crash and reboot an ap- 
plication—without affecting any of 
the others. Richard Eckhouse of 
IEEE Computer said "Unlike 
other such systems, VM/386 not 
only works well, but seems to be 
unbreakable." 

Each virtual macbine is just like 
a Stand-alone PC, complete with its 


own copy of 


Each DOS Stands Alone 


VULP ee УСУ uae 
же: APTE, ^ 


for adjusting the performance and 
operation of each virtual machine." 

VM/386 gives you other kinds 
of flexibility, too. You can set 
ЏО privilege level and interrupt 
priorities so multiple devices 
can be run simultaneously and 
efficiently. You can adjust the 
amount of memory used by 
each application, including 
extended and expanded 
memory. VM/386 even 
eliminates “КАМ cram," 
because you load each appli- 
cation in its own virtual machine. 

And, most importantly for any- 
one trying to control complicated 

systems. you can adjust time 


PC-DOS or liti merde ep slices down to the milli- 


MS-DOS 
(the real 
thing, mind 
you, not an 
imitation). So 
each virtual machine in your 
mul&tasking environment gets its 
own terminate-and-stay-resident 
(TSR) programs, AUTOEXEC, 
and CONFIG files. 

As Namir Clement Shammas 
said in our Byte review: "VM/386 
provides you with excellent control 


© T5 GC. ҮМ TEE ш m acm. of НАС ЗӘЙ не а Irma oi йы Co 
Mert sl. Anagr ech rear qu Нг 
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second level. Developers 
are using this feature to 
update virtual machine 
d performance "on the fly.” 
Another significant capability 
of VM/386 15 the ability to run 
graphics and communications 


programs full-time in the back- 
ground. VM/386 supports MDA, 
Hercules, 
EGA, and 


runs Novell, 3COM. 
and IBM Token Ring 
networks, and micro- 
to-mainframe communications. 

Why wait for a “new™ operating 
system, and its mevitable compati- 
bility and "first-release" prob- 
lems? With VM/386, 
it takes only a few 
minutes to set up a 
fully-configurable, 
DOS-compatible 
multitasking envi- 
ronment on your 
386. 

Call today: IGC, 
4800 Great Amer- 
ica Parkway, Santa 
Clara, CA 95054 
Telephone: 408-986-8373. orcall 
Toll Free: 800-458-9108 


See us at Comdex Fall ^89 
West Hall Booth #856 
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LOOKING BEYOND 
THE DOS PROMPT 


A host of products bring ease of use to DOS systems 
without resorting to a graphical user interface 


hat bland C> prompt 

that stares at you from 

your inicrocomputer's 

screen has long been the 
` bane of many new (and 
even experienced) computer users. De- 
spite all the publicity and excitement 
about the upcoming generations of 
graphical user interfaces that will sup- 
posedly make computers incredibly eas- 
ier to use, GUIs are generally 
designed for high-end (mean- 
ing expensive) systems with 
lots of RAM, fast-access hard 
disk drives, and high-speed 
processors. And that's not to 
mention all the as-yet-un- 
delivered software that has to 
be fine-tuned to a specific 
GUI. (For a detailed look at 
the subject, see “A Guide to 
GUIs,” July BYTE.) 

That's all well and good for 
the future, but if you own one 
of the millions of low-end 
microcomputers, you've 
probably been feeling left out 
and even forgotten. That's cs- 
pecially true if your system is 
8088- or 8086-based, since 
even low-end DOS GUIs, 
such as Microsoft Windows 
and DESQview, either are no 
longer available for your sys- 
tem or run unacceptably slow. 
And even if you have an early 
6-MHz 80286-based system, 


| 


| 


ILLUSTRATION: ТОМ CENTOLA @ 1939 


Stan Miastkowski 


you're. still not out of the woods, since 
these systems often lack the power to 
handle the large disk requirements 
and heavy computational loads that GUIs 
put on a system. 

The C> prompt, or DOS prompt, is 
part of a command-line interface (CLI), 
in which text commands, entered line by 
line, direct the computer through a se- 
quence of operations. It's actually a lin- 


BY TE IBM Special Edition * Fall 1989 


ear descendant of CP/M, the first truly 
useful and widely available operating 
system for personal computers. Al- 
though the folks at Microsoft would 
probably deny it, the first version of DOS 
was a hastily patched-together modifica- 
tion of CP/M concepts (though not the 
actual operating-system code). In an ef- 
fort to capitalize on the usefulness of that 


early operating system, users have been 


saddled with that C 2- prompt 
ever since. 


Enter the Shell 
As microcomputers became 
the standard operating plat- 
form, it quickly became evi- 
dent that users needed a better 
way Le interact with their sys- 
tems. While it usually takes 
only a straightforward com- 
mand to start most applica- 
tions, many users have prob- 
lems remembering the syntax 
of even the common DOS 
“housekeeping” commands 
(have you ever remembered 
the precise arguments to for- 
mat a 720K-byte, 34-inch 
floppy disk without looking in 
a manua]?). It only gets worse 
for those more useful but eso- 
teric commands, such as 
XCOPY. And there are many 
things that plain-vanilla DOS 
just doesn't do well at all. A 
continued 
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cast in point is the DIR command, which 
gives you an unsorted list of files that 
normally scrolls off the screen before 
you can find the specific file that you're 
looking for. 

Since hard disk drives are nearly a 
standard component of most systems, 
many users quickly build up a large col- 
lection of files. And thanks to DOS's 
“eight plus three” naming limitation 
(another of CP/M’s legacies), filenames 
often need to be cryptic. DOS's hierar- 


If you think the only way to get 
more memory is by adding more RAM 
chips, it’s time you got your hands on 
HEADROOM® 

Designed to actually “free up" 
memory by shifting parts of programs 
and TSRs (RAM resident software) to 
your hard disk, extended 
or expanded memory. 
Headroom eliminates the 
dreaded “640K” barrier 
we all know too well. 

Of course, there's 
rnore to Headroom than 
just freed memory... 

Uke hot-key switch- 
ing between programs. 
50 you can go from word 
processing to database 
to spreadsheet at the 
push of a button. Head- 
room even lets you popup 
your TSRs with their normal hot-keys, 
in the middle of any application — 
even graphics programs — without 
using any memory. 

Speaking of hot-Keys, Headroorn 
lets you load up ro 32 applications 
simultaneously, assign your hot-keys, 
and use them to switch between pro- 
grams fast and easy. 

More than just swapping TSRs, 
Headroom automatically "senses" 
what particular RAM resident pro- 
gram is needed, and "directs" it to 
where it has to go, so it can swap in 
print spoolers, communications pro- 


2 1989 Helix Software Co. Inc. Patent Pending 
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chical subdirectory-based file structure 
is supposed to make things more man- 
ageable, but you have to remember which 
subdirectories contain what data. Even if 
you remember what goes wherc, getting 
there requires that you manually type in 
a CD P directory) command, plus 
the sub-sub-subdirectory name, which 
makes the whole process a pain. As the 
amount of inforrnation on your hard disk 
grows, the process of locating and using a 
specific file gets more time-consuming 


grams and device drivers when they 
are needed. 

Headroom is more than a swap- 
ping and switching “merry-go-round” 
„much more. By taking the “resi- 
dency” out of RAM resident programs, 
it gives you the added benefit of having 
more than enough mem- 
ory to handle even the 
most "RAM ravenous” 
projects and applications. 

Thats why PC 
Magazine said that 

"Headroom performs 

more death-defying 


| кот 0055 
| 640K straightjachet 


— 


your 
mind, call us today at 
| 1-800-451-0551 


* Fully tra 

e Requires only 50K ofr memory 

* Works with ali appl. — even windows 
e Swaps mainframe emulators 

® Ends RAM resident conflicts 

e Network compatible 


uiia 512995 + 55 per order shipping 
($20 outside U.S.) ViSA/MC/CO.D, 


83-65 Domels St благой, NY I I435(715)2824 787 
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and frustrating. 

The beginnings of the solution came 
with what are widely known as DOS 
shells. Shells are software (usually 
RAM resident) that "surround" DOS 
with a program that interacts directly 
with DOS's COMMAND.COM. This 
file, the operating system's command in- 
terpreter, inte and translates text 
commands into the low-level system calls 
that DOS really understands. Another 
way to think of DOS shells is as inte- 
grated environments that sit between 
your application and the operating sys- 
tem. This extra processing layer extends 
DOS by adding functions and features 
that DOS doesn't have by itself. 


Mare than 49 Flavors 

DOS shells come in a wide variety of fla- 
vors and approaches, but they all have 
some features in common. Most are very 
simple file managers: they find, display, 
and organize files, usually by showing 
something on the screen beyond that 
mute C> prompt. That something is 
usually a list of files in an individual di- 
réctory, and because plain-vanilla DOS 
displays files only in the order in which 
they were put on the disk, shells take the 
process one step further by sorting them, 
usually alphabetically. The best shells 
also give you the ability to sort them by 
various other parameters, such as size. 

A common thread throughout DOS 
shells is their ability to easily navigate 
through the maze of subdircctories and 
files through the simple process of 
"pointing and shooting." Point to the 
file (by moving the cursor) and press Re- 
turn (or click the mouse), and you're 
moved directly to it. 

Another common feature of DOS 
shells is their ability to perform common 
DOS operations on files and subdirector- 
ies. Although not all packages contain all 
these features, with most you can do the 
following: 


* Copy files 

* Move files 

e View files 

* Change file attributes (e.g., read-only, 
hidden) 

» Delete files and subdirectories 

* Rename files and subdirectories 

* Create files and subdirectories 

* Tag multiple files for other operations 


The key to the usefulness of DOS 
shells is their ability to perform most of 
these operations on more than one file at 
a time. You perform these tasks without 
having to physically type in individual 
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Direct From The Manufacturer: “Big Savings 
On Award-Winning Products.’ 


re all today for the lowest prices on some of the finest 
equipment on the market. Powerful, high-performance 
machines for the most demanding business applications. 

But don't just take our word for it. When PC Maga- 
zine awarded Designs its Editor's Choice, it called us 
“a remarkable value" And, when PC Week polled 3,000 | 
corporate volume buyers, [PC] Designs scored number one | 
in more categories than any olher manufacturer. 


The TI T |PC| Designs delivers: Quality. Compatibility. 


GV386/20 PLUS 


STANDARD FEATURES Reliability. Service. Now, at "manufacturer direct" prices. STANDARD FEATURES 
= 80286 running at 12 MHz zero wait state. No wonder Designs has become "The People's 80386 running at 20 MHz zero wait state 
« Proprietary, 32KB on-board RAM cache Choice" among businesses coast to coast. e ТМВ RAM on motherboard. 


dene фы o and = RAM. For direct-from-the-manufacturer-prices, call * Proprietary, GSKB on-board RAM cache 
• 640KB RAM, expandable to 1MB on | circuit using high speed (2505) static RAM. 
motherboard. 1-800-627-3248 = Socketed for 20MHz intel 80087, or 20MHz 
« Socketed for 10MHz 80287 math Weitek 3167 math coprocessors. 
coprocessor. © 5.25" 1.24B oc 3.5" 1.44MB floppy drive. 
| ° 5.25” 1.2MB or 3.5" 1.44MB floppy drive, a Westem Digital 1:1 interleave dual controller 


* Enhanced 101-key keyboard. 


| ж Western Digital 1:1 interleave dual controller 
* System is capable of expanding to 18 MB | 


a Enhanced 101-key keyboard. 


* VGA systems include a high performance, of 32-bit RAM. 
16-bit video adapter with 512K RAM. a 2, D-bit, 4, 16-bit and 2, 32-bit memory 
* 200-watt power supply. expansion siots. 
a 2 serial/1 parallel port standard (on add-in | Е » VGA systems include a high performance, 
card). — 16-bif video adapter with 512K RAM. 
| » ROM based set-up and diagnostics. p—. e 2 агіаі/1 parallel port standard (ол add-in 
e Made in U.S.A. ACA? cand). 
AL ү 1 e ROM based set-up and diagnostics. 
| * Made in U.S.A. 
VGA Extended ' УБА” Extended 
Mono VGA Color Mono VGA Color 


44MB, 2316 $2,249 — $2,509 AMB Zm $380 $399 
155М8, i&ms,ESD! $3,909 — $3,600 А 155M8, l&ms, ESD) 34,490 — $4,898 
320MB, 18ms, ESDI — $4,199 — $4,498 ү | 320MB, 18ms, ESDI $5,290 — $5,509 


| Subtract $200 lor TTL rather than VGA. “Subtract $200 for TTL rather then VGA. 
| | А — ORLEASE 
OR LEASE, P y 
"on атташ. , FOR AS LOW AS $120/MONTH, 
OPTIONS 
OPTIONS / = RAM upgrade to 3 MB add 
* RAM upgrades. | $597-to 5 MB add $535. 
a intel 80287 math e 20MHz intel 80387 and 
COprocessur. 20MHz Weitek 3167 math 
e On-site service agreement. coprocessars. 
» MS-DOS 3.3 or 4.01. a On-site service agreement. 
ә Other hardware configura- • MS-DOS 3.3 or 4.01. 
tions available. = Other hardware configura- 


tions alae. 
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file or directory names. 

Another crucial difference between 
GUIs and DOS shells is that the shells 
don't need to be aware of the applica- 
tions. They'll gladly start апу communi- 
cations file or executable file. That's 
very different from a true GUI like 
Microsoft Windows or OS/2's Presenta- 
tion Manager (PM), where applications 
must be specifically developed and tai- 
lored to the GUI's application program- 
mer interface. Of course, you can run 
most off-the-shelf DOS applications with 
GUIs, but only through the pain-in-the- 
neck process of exiting from the GUI en- 
vironment. 


Memory, Icons, Mice, 

and Smarts 

Until recently, one of the biggest prob- 
lems with DOS shells was their RAM 
hunger. Early DOS shells often took up 
100K to 200K bytes of precious RAM 
space. With today's power applications 
often requiring 512K bytes or even 640K 
bytes of RAM to run, the RAM require- 
ments of some shells (nearly all of which 
are RAM-resident) was just too much. 


That problem has largely been solved 
The Professional 
bject-oriented programming 
multiplies your productivity | 

by promoting reuse of proven 
software modules. Don't 

start from scratch! Use B. m 
Object Professional 1.0, P 

a powerful library of 

over 30 object types con- 

taining over 1000 methods. 
Powerful User Interfaces 

The window object types let you use 
multiple overlapping and resizeable 
windows. The windows provide 
capability for 8 mouse support 

m scroll bars ш menus @ text 
editing m dialog boxes m pick lists 
@ scrolling data entry screens 

e printed forms m help capability, 
and morc. The window classes are 
incredibly flexible — you can create 
texi-mode PM look-alikes or vour 
own unique look and feei. 

Satisfaction guararceced or your money back within УП days, 
Torte Разса] 5.5  reqeired. Add $5 for chipping in U.S. and 


Салаа. Ebcwhere add $35 per unu. Taro Professionnel 5.0 
customers may upgrade far $60, include your serial number 
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because the vast majority of DOS shells 
essentially unload themselyes from 
RAM each time you run an application, 
leaving a small RAM-resident kernel 
that "calls back” the full shell when you 
exit the application. The Norton Com- 
Mander is а case in point: Normally it 
takes up 140K bytes of RAM, but it can 
be configured to leave a small 12K-byte 
kernel when it's not being used. The 
DOS 4.0 shell option (described later) 
does basically the same thing. 

Most DOS shells are character-ori- 
ented. They don't use those cute little 
icons, for a number of reasons. One is the 
simple fact that there are still lots of low- 
end DOS systems that don't have graph- 
ics cards or monitors, and one of the big- 
gest selling points of DOS shells is that 
they're useful to virtualiy any DOS user, 
no matter how limited his or her system. 

And with apologies to Macintosh afi- 
cionados, the jury is still definitely out 
on just how useful armies of icons really 
are. Remembering what a couple dozen 
cryptic icons actually mean can be as 
much of a chore as remembering esoteric 
DOS commands. In fact, GUIs such as 
Microsoft Windows and OS/2 PM use 


Library for Object-Oriented Pascal 


Object Oriented Data Too 
and documented object types 
like stacks, linked lists, 
Ф. virtual arrays, and more. 
data гурез ру simply inher- 
iting from one of the provided types 
and adding your own methods and 
The Impossible, Made Easy 
System-oriented routines 
provide m swappable 
RAM ш DOS and BIOS 
capabilities в EMS 
management m keyboard 
management ® swap- 
ping Exec manager, and 
much more. 


Build your programs from proven 
Make your own custom 
instance variables. 
TSRs in only 6K of 
macros B in 
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TurboPower Software РО Boa 66747 Scons Valley, CA 95006-0747 


very few icons. Instead. they rely mainly 
oa windowing concepto and plain tent to 
get the message across. 

Most DOS shells offer additional fea- 
tures for graphics-equipped systems, but 
icons are still rare, mainly because of tbe 
legal questions involved due to the Ap- 
ple/Microsoft lawsuit. One company 
that's apparently not too concerned about 
the legal situation is IBM. Version 1.2 of 
OS/2 PM (due on dealer shelves by Wo- 
vember) will feature many more optional 
icons, including the ability to design your 
own. Of course, the ideal situation 1s to 
give users a choice of text or icons. 

Finally, all the DOS shells mentioned 
here, from the simplest to the most so- 
phisticated, let you use a mouse if you're 
rodent-inclined. At the same time, nonc 
of them require a mouse. This reflects a 
still-decp-seated aversion to mouse use 
in the DOS world. Mouse users and key- 
board users still have heated arguments 
over the relative merits of each method. 
However, mice are destined to eventually 
become a near necessity for the easiest 
access to DOS shell features. All the 
DOS shells ['ve used are easier and faster 
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Complete Documentation, 
Full Source 


Object Professional has three 
volumes of complete documentation, 
online reference guide, free technical 
support, and full source code. You 
pay no royalties. Hot demo programs 
show you how to use the power of 
Object Professional, You'll get up 

to speed fast with OOP! 

Object Professional is the successor 
to the acclaimed Turbo Professional: 


| 4 superbiv crafted toolbox. ® 
| Kent Porter, DD), 4/88 
“The range of this toolkit is 
simply astonishing.” 
Jeff Duntemann, DDI, 5/89 


Object Professional 1.0 
only $150 
Call toll-free to order, 


1-800-333-4160 


BAM - SPM PST Monday through Friday. USA & Canada 
For more information call (30K) 438-868, 


Cirele 255 on Reader Servier Card 


FASTER THAN THE AVERAGE BEAR 


Are you asking yourself what a bear has 
to do with super speed, remarkable 
resolution and fabulous colors? We did, 
foo. How can anyone bear to work with 
less than incredible speed, we asked 
ourselves. How can anyone bear to 
work without д 
extraordinary 4 
resolution? 
Bear to work 
with less than 
256 spectacular colors? 


We got so beared out, we «7 E 


decided to share one with 
you. Álong with the bear facts about 
ATl's award-winning board. 


Y 


Such QS: 
• high resolution 800x600 and 
1024x768 graphics 
e fast 16-bit bus support 
e 100% register-level compatible 
in VGA*, EGA’, ССА, МОА“, 
and Hercules* modes 
e analog and digital monitor support 
e easy, switchless installation 
e high resolution and 132 column drivers 
* Microsoft" compatible bus mouse and 
mouse port included 
* available in 256K and 512K versions 
Oh, and bear this in mind – when it 
comes to VGAWONDER", you'll be 
getting a honey of a price! 
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-| Bundle Includes 
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For more information, 
contact your supplier or 


All Technologies Inc. 
3761 Victoria Pork Avenue 
Scarborough, Ontario 
Canoda MIW 352 

Tel. (415) 756-0718 

Fax: (414) 756-0720 
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to use Wilh а mouse. 

Recent DOS shells have become in- 
creasingly sophisticated. The crying 
need for an easier way to interact with 
DOS has spawned a new category of in- 
telligent DOS shells. In addition to file 
management, intelligent shells can pro- 
vide you with services based on a file's 


Photo 1: X7ree 
was the first add-in 
DOS shell to 
incorporate the 
now-familiar 
graphical tree 
display of a disk's 
directory structure. 


urabnte 
X1 THU 
XTF Bt] 


XIT RU 


Photo 2: n 
addition to being 
the first DOS shell 
to display multiple 
directories 
concurrently, the 


orton 
Commander is the 
only one that lets 


Photo 3: The 
optional shell in 
DOS 4.0 is ІВМ 5 
first graphical 
operating-system 
interface for PC 
users. It conforms 
to the company's 
Systems 
Application 
Architecture. 


110 


characteristics. They let you organize 
your data by function and context, and 
they essentially don’t care what directory 
the data is located in. For example, you 
can associate groups of files with a given 
program (e.g., these files belong to this 
spreadsheet program), or you can pro- 
vide the ability to examine the contents of 
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spreadsheet or database files without 
having to run a program (commonly 
known as “viewing”). 


Forests and Trees 

The tree is an aptly named term for a fea- 
ture that lets you quickly find individual 
files in the “forest” of files that inhabit 
the typical hard disk. It's simply a visu- 
al—but not necessarily graphical— 
display of all the files and subdirectories 
on a hard disk. In fact, the TREE com- 
mand has been a little-used feature of 
DOS since version 2.0, when subdirec- 
tories first became available. It was lit- 
tle-used for the simple reason that while 
it showed you the tree structure on your 
disk, it did little else. You still had to 
navigate your way through subdirectories 
by typing the CD command. 

The first and still best known program 
to take the tree concept and actually 
make it useful was XTree from Execu- 
tive Systems (now called XTree Co.). 
Although it has gone through several it- 
erations (XTreePro is now also available 
for networks and multiple disk volumes), 
its basic approach to dealing with DOS 
remains essentially unchanged. XTree's 
main screen (see photo 1) is a window 
into your disk's file system, with subdir- 
ectories shown in a tree structure. As you 
move from subdirectory to subdirectory, 
the files contained in that subdirectory 
are shown in a box below it. You can then 
perform those common file operations 
on one or more files by pointing to the 
file, pressing Escape, and choosing the 
operation. 

XTree's user interface is useful be- 
cause of its elegant simplicity. And the 
product's basic “look and feel" has been 
copied by a number of competitors, who 
have added their own changes, additions, 
and enhancements. Tree86 3.0 from The 
Aldridge Co., with its window into the 
file/directory structure, is similar but 
takes a more contem approach to 
its user interface by using "drop down" 
menus. Although its features are similar 
to those of X Tree, Tree86's less cluttered 
display is a closer-to-GU] approach that 
many users prefer. It also works best 
with a mouse, although one isn't 
required. 

And for those of you who would like to 
have DOS-shell power without a huge 
outlay of bucks, there's a shareware tree- 
oriented shell called TreeView. From the 
folks who distribute a popular shareware 
package called AutoMenu, TreeView has 
a raft of features; these include the 
unique ability to display as many as six 
different directories and drives at the 
same time. 


Letting You Bc You 
There ie one big problem with most DOS 
shells: While they make dealing with the 
inada and idiosyncrasies of DOS 
easier, ыы often add their own idiosyn- 
crasies that you have to learn to live with 
if you use them. Like all applications, a 
DOS shell is one person's (or a commit- 
tee's) vision of what the DOS interface 
should be. Although the major packages 
that I'm talking about here usually have a 
wide-enpugh variety of features, some 
DOS shells are incredibly quirky, seem- 
ingly designed by a programmer from 
another dimension. As with all software, 
it’s best to try before you buy. 

One of the most popular DOS shells 
gives you a choice in the matter. The 
Norton Commander, now in version 2.0, 
offers you what at first glance is an in- 
credibly cluttered screen. But the useful- 
ness and organization of what's there be- 
comes apparent quickly. And if you look 
carefully at the bottom of the screen (see 
photo 2), you'll see the С> prompt inno- 
cently sitting there. If you're an experi- 
enced DOS user, sometimes you actually 
want to bypass shell features and type in 
a normal DOS command. The Norton 
Commander is the only DOS shell that 
lets vou do this, and it's indicative of tbe 
careful design and hard thinking about 
user needs that the company puts into all 
its 
The Commander was also the first 
DOS shell that recognized the real-world 
need to work with more than one direc- 
tory at a time. Its "dual-window" ap- 
proach also remains unique to DOS 
shells and makes the process of copying 
or moving files from directory to direc- 
tory or from disk to disk particularly 
easy, because you immediately see the 
results of the operation. 

Surprisingly, the Norton Commander 
didn't add a tree display to its list of fea- 
tures until its second release, and then it 
did so only because Norton Commander 
users asked for it. Norton's tree display is 
optional, and most users find that they 
really don't need it because of the Com- 
mander's screen display and the case 
with which you can move among files 
and subdirectories. 

Norton also was the first to add ad- 
vanced file-finding features, and version 
2.0 was the first DOS shell to offer con- 
textual file viewers. These allow users to 
view Lotus 1-2-3 and dBASE files as 
si actually appear in the programs 

without having to actually start up the as- 
sociated program. File viewers are one of 
the most important add-on DOS features 
to come down the pike in years, and they 
play а crucial role in the utility of the new 
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breed of intelligent DOS shells. 

The Norton Commander sits 3quarcly 
in the middle between standard DOS 
- and Intelligent shells. In fact, you 

t call it “semi-intellipent." ‘Taking 
a a look at the work behind it also indicates 
that developing a truly useful DOS shell 
is far from a trivial exercise. The source 
code for the Norton Commander 2.0, for 
example, consists of some 32,000 lines 
of C and about 15,000 lines of assembly 


language. 


At Long Last, DOS 

With the release of DOS 4.0 last year, 
both IBM and Microsoft finally recog- 
nized the need to make DOS easier to 
use, DOS 4.0's optional SHELL utility 
bears similarities to the GUI of Micro- 
soft Windows and IBM's PM, with pull- 
down and pop-up menus. 

That IBM included a shell in DOS 4.0 
isn't very surprising. It's all in keeping 
with IBM's commitment to its Systems 
Application Architecture (SAA), a wide- 
ranging user interface specification that 
IBM plans to implement for all its sys- 
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terns, from mainframes w tinicumput- 
ого 10 workstations to microcomputers. 
The aim 15 connectivity, and dic DOS 
4.0 shell in SAA all the way (see photo 
3). And because mo supports both 
graphics displays and -oriented 
displays, even non-graphics-eguipped 
microcomputers can use it. This is, bow- 
ever, a trade-off, because SAA ears into 
system overhead and runs slowly on 
ters. 

Unfortunately, there hasn't exactly 
been a wild rush to DOS 4.0. Part of the 
reason is that the first release was buggy. 
And although IBM fixed the bugs in a 
later release last fall, DOS 4.0 still has an 
undeserved reputation for incompatibil- 
ity with older DOS applications and as a 
RAM hog. But its $150 price tag, while 
just a bit higher than many stand-alone 
DOS shells, also gives you the full DOS 
operating system. 

One icularly even-handed feature 
of the DOS 4.0 shell is the very fact that it 
is optional. DOS 4.0 and whatever comes 
after it are sure to become standards 
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Photo 4: 

Traveling 

Software 's 
ViewLink is the first 
in û new 
generation of 
shells, " which ler 
you create cusiom 
"views " keyed to 
your st We of 
working. 
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Photo 5: Magellan 
uses proprietary 
technology to 

tndex the contents of 
all files on your 
disk. it also 
specializes in 
performing fuzzy 
searches. 
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Magellan ........................ 
Magellan Viewer Toolkit 

Lotus Development Corp. 

55 Cambridge Pkwy. 

Cambridge, MA 02142 

(800) 635-6887 

(617) 577-8500 


Norton Commander 2.0... 

Peter Norton Computing 

100 Wilshire Blvd., Ninth Floor 
Santa Monica, CA 9040] 

(800) 365-1010 

(213) 319-2000 


Inquiry 1072. 


eventually, and it’s only 4 matter of time 
before developers wil! take advantage of 
new features that wil] require you to use 
the latest and greatest DOS. But since 
DOS shells differ so much, there's still 
going to be a hot market for add-in 
shells, allowing users to choose the one 
(if un that they're most comfortable 
with. 


3-2-1 Launch 

Another important part of contemporary 
DOS shell technology is the user's abil- 
ity to point to a file and run it. There are 
two parts to this equation: application 
files and data files. As mentioned earli- 
er, most shells let you point and shoot at 
amy communications or executable file. 
Things get more complicated when you 
want to point to a data file and have it 
start up its associated application. Mac- 
intosh users have had this ability for 
years, because Mac data files have a 
header that identifies the applications 
that created them, but this feature hasn't 
been available for DOS. That's one area 
where GUIs shine, but that ability is now 
slowly becoming available for DOS 
users. 

The Norton Commander and some 
other DOS shells have a rudimentary 
ability to associate data files with appli- 
cations through the simple process of 
using common file extensions. For ex- 
ample, you can set up the Norton Com- 
mander to start up Lotus 1-2-3 every 
time you choose a filename with a .WK1 
extension, or Microsoft Word when you 
choose a filename ending in .TXT. But 
true associative file management is only 
just beginning to become available with 
intelligent DOS shells, 
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2500 City West Blvd., Suite 575 
Houston, TX 77042 
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fles فش‎ $50 registration fee 
(shareware) 
Magee Enterprises, Inc. 
P.O. Box 1587 
Norcross, GA 30091 
(800) 662-4330 
(404) 446-6611 
BBS: (404) 446-6650 
Inquiry 1074. 


Adding Real Intelligence to DOS 
with ViewLink 

Perhaps the biggest problem with all the 
DOS shells Гуе talked about so far is that 
they force you to deal with the restric- 
tions of DOS's set-in-cement hierarchi- 
cal file structure. Although directories 
and subdirectories make lots of sense in- 
ternally to DOS, when you stop and 
think about it, this linear way of working 
just isn't the way people work in the real 
world. This is where intelligent shells go 
à step further by associating data files to 
their programs. 

At first glance, both Traveling Soft- 
ware’s ViewLink and Lotus Develop- 
ment's Magellan look a great deal like 
standard DOS shells, but there's more 
there than meets the eye. These packages 
are multifunction software that, in addi- 
tion to the features of standard DOS 
shells, incorporate some of the features 
of indexers, outliners, and even Macin- 
tosh HyperCard. 

ViewLink links together your data and 
applications using a concept called views 
(not to be confused with viewing). Views 
are categories of related data. The cru- 
cial concept of ViewLink is that it lets 
you gather related data into groups based 
on your work preferences instead of what 
DOS forces you into, 

ViewLink's screen display (see photo 
4) is one of those ubiquitous split-screen 

views. It has the views (categories) on the 
left, s and files you've associated with the 
views on the right. Initially, the views 
are primarily subdirectory names. Be- 
cause the data files that you incorporate 
into a view are automatically linked to 
their associated programs, ViewLink has 
a Macintosh-like ability to directly start 
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ViewLink ....... EE $149.95 
Traveling Software, Inc, 

18702 North Creek Pkwy. 

Bothell, WA 9801 ]: 

(800) 343-8080 

(206) 483-8088 

Inquiry 1075. 


XTree Co., a division of Executive 
Systems, Inc 

4330 Santa Fe Rd. 

San Luis Obispo, CA 93401 

(800) 634-5545 

(805) 541-0604 

inquiry 1076. 


a program when you select the data file. 

But in ViewLink’s very power lies a 
paradox. Getting the most out of View- 
Link requires a sizable time investment; 
there's a lot of work to do beyond the ini- 
tial automatic installation. To get the 
most from tbe program, you have to 
spend a great deal of time continuously 
fine-tuning it. Having a sophisticated 
DOS shell that can adjust itself to the way 
you work sounds great, but the minus 
side is that you have to take a hard look at 
your work habits. You'll eventually have 
a system that acts like it's a natural exten- 
sion of you, but it takes a commitment 
that not everyone is willing to make. 

The way ViewLink works is tightly 
tied to specific applications. The instal- 
lation utility lists some 60 of the most 
popular application programs. You tel] 
ViewLink which applications you'll be 
using, and it then goes through a multi- 
ple-step process that links data files to 
views and applications, searching 
through your entire hard disk. The end 
result is a master link file that keeps 
track of views, data files, and the appli- 
cations they're linked to. 

Since Traveling Software has applied 
for a patent for thc win erm 
details on it aren't available. But its so- 
phistication is just a harbinger of what 
you can expect to see in future intelligent 
DOS shells. For a hard disk filled with 
nearly 50 megabytes of programs and 
data, ViewLink's master link file takes 
up only about 130K bytes. 


Magellan's New World View 

Magellan takes a different approach to 

dealing with data. It treats your hard disk 
continued 


Changing the world. UNIX is 


changing the world of comput- 
ers, the world of business — 

quite simply, changing the world. 
It's revolutionizing office auto- 
mation. It's required for U.S. 
government computer contracts. 
It's the backbone of information 
strategies worldwide. 


The information you need. 
That's why you need САО 
the magazine that keeps you 

up to date on the rapidly chang- 
ing world of openssy stems 
computing. Each issue brings 
you the latest product trends and 
techaical advances that can 
affect your business. The inside 
story on somc ofthe world's 


higgest high-tech companies. 
Easy-to- understand program- 
ming tips and tutorials that can 
help you and your company 

use UNIX to its fullest. And 
unbiased hardware and software 
reviews to help you invest 
wisely when you bus. 


The whole UNIX-verse. 
UviXWORLD'S in-depth features go 
beyond dry technical facts, to 
show how the pieces fit together 
— to tell you what's important 
about the advances and the 
strategies that are changing your 
world. And Ux WORLD CON- 
sistently olfers the freshest, most 
down-to-carth writing you'll 
find in any computer publication. 


Subscribe and Save. Subscribc 
today, and receive the next 12 


issues of Uva Worn for just half 


the regular newsstand price. 
save even more by ordering for 
two or three years. You can't 
lose —every subscription to 
UNIXWOomnlD comes with a no-risk 
guarantee: 

1 vear $18.00 (save 50% 

2ycars $32.00 (save 55%) 

3 years $42.00 (save 60%) 


Subscribe now! Call toll-free: 


1-800-341-1522 


If you’re into UNIX, you need UNIXWORLD MAGAZINE. 
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GIVE YOUR COMPUTER 
A BETTER IMAGE! 


When it comes to hand scanners, IMAGE IS EVERYTHING! NISCAN's 
advanced image processing technology is well suited for desktop publish- 
ing, optical character recognition, and paint programs. All for under $300. 


FULLY FEATURED! 


Pass NISCAN over any photograph, text or illustration and watch as a crisp, 
clear image appears instantly on your screen. Then employ any of 
NISCAN's advanced editing features to help transform the ordinary into 
the extraordinary. 


NISCAN covers a full 42 inch path and has 6 software selectable dither pat- 
terris and 32 contrast levels, 'The NISCAN package comes complete with 
scanner, GEM Scan software, half card and helpful users guide. 


NISCAN IS COMPATIBLE! 


NISCAN runs Оп IBM FC/XT/AT* and compatibles, Image files are easily 
used in most paint and publishing programs, including VENTURA PUB- 
LISHER*, ALDUS PAGEMAKER* and PC PAINTBRUSH + *, 


Call 1-800-245-SCAN today and let us tell you about optional optical char- 
acter recognition, imape vectorization and image file conversion software. 


For more informabon or ihe neared] NISCAN dener, call 1-800-248- SCAN. 
NISAN la made Dy MSCA Incorporated, 1919 Old Denton Rd, #104, Сатотоп, Texas 75006. 
Product names preceding " are registered trademarks of thelr respective companies, 

АЙ images displayed are NISCAN output. Color has been added ю same et ha monochrome Images. 
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LOOKING BEYOND 
THE DOS PROMPT 


as a whole, creating a master index of al] 
files and their contents. Magellan also 
uses a proprietary technology that Lotus 
first used in its HAL AI interface to 
Lotus 1-2-3. Although HAL was a com- 
mercial flop, the technology behind it 
lives on, The Magellan index, which is 
the key to its incredibly fast perfor- 
mance, creates an index file that normal- 
ly takes up only 5 percent to 10 percent of 
the data space. In hopes of making Ma- 
gellan something of an “industry stan- 
dard” DOS shell, Lotus has just released 
the Magellan Viewer Toolkit ($150). De- 
signed for applications developers, it lets 
them integrate a Magellan viewer into 
their finished software. 

The most unusual feature of Magellan 
is its use of custom viewers for popular 
applications (see photo 5). It goes beyond 
the limited file-viewing abilities of the 
Norton Commander. Magellan's inte- 
grated viewing technology lets you 
quickly scroll through lists of files and 
see most files as you'd see them within 
the application. Magellan comes with 16 
viewers that are automatically invoked, 
because the files and applications are 
linked to the correct viewers during the 
installation process. Magellan even lets 
you peek into binary files and shows cer- 
tain packed files (.ARC) in their un- 
packed state—instantly. 

Magellan's index also links data files 
and applications for quick launching. 
And its other features are numerous, in- 
cluding the ability to do fuzzy searches 
using plain-English phrases in an "ex- 
plore" function. This is DOS shell tech- 
nology taken to its current limits. 


Hope for the GUI-Deprived 

Although all the attention of computer 
buyers seems focused these days on high- 
end systems and which GUI to choose 
(when, of course, they become generally 
available), the continued proliferation of 
products that enhance and extend plain- 
vanilla DOS and make it easier to use 
portends well for the numerous non- 
power users of nonpower systems. And 
even marry power users will find enough 
features in these products to decide to 
stay with DOS until they're compelled to 
make the substantial investment in the 
hardware and software for advanced sys- 
tems like OS/2. The reports of the death 
of DOS are greatly exaggerated. Ш 


Stan Miastkowski is a BYTE consulting 
editor, managing director of K - 5 Con- 
cepts (a documentation and consulting 
firm), and editor of the OS Report news- 
letter. He can be reached on BIX as 
“яалт, " 


m PC Resource Magazine, “ZEOS . .. provides quality compar- 
able with [BM or Compaq and does so for about 70% of the 


price” 
m Fersonal Computing, “LEOS . . . is the best value we've come 
across... its performance is right up there with the slickest, 


most expensive PCs you can buy” 

m PC Magazine, "Dont pass up the ZEOS . . . solid construction, 
flexible design and escape-velocity performance make it a top | 
flight choice | 
m info Иона, "We find the ZEOS 386 an excellent value. Speed: | 
Excellent. Compatibility: Excellent. Value: Excellent? 

m PC Magazine Editors Choice, “The ZEOS 386 blows away 

every other computer. .. a smart choice: 


The Choice ts Clear. 
Dial 800-423-589] 


IBM is 3 vepistered uzalemark uf [BM Cur poration, Compag is а registererttrdpomark of Compaq Computer 
Corporatiun, ZEON is а registered trademark of ZEOS International. Led. 
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ZEOS 386 


ZEOS Smashes the 386 


Your best reason 
vet to move up toa 
"386. Now you can 
own a complete 
ZEOS °3865Х 
16MHz hard drive 
system for less 
than comparable 
'286 systems. 


The ZEOS 
3865Х. ZEOS 
performance, 
quality and 
support. ZEOS 
value. The Choice 
is Clear. 
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If you plan to buy 
a 16- or 20MHz 286 machine, 
think again. 

A fundamental change in 
computing is about to take place. 
Systems based on the 80286 
processor will be replaced by 
systems based on the 80386SX. 

icas premier manu- 


facturer of 80386 based systems, | 


we ve designed the new ZEOS 
386SX to provide everyone with 
a window to the future. A future 
of '386 speed and performance 
at a fraction of what you would 
expect to pay. 

And ZEOS knows "386 sys- 
tems better than anyone. After all, 
PC Magazine chose ZEOS above 
57 other ies for "For Over- 
ай Excellence" in their recent '386 
Blockbuster issue. 

The new ZEOS 386SX simply 
runs circles around '286 based 
machines. PC magazine noted 
that the ZEOS 16MHz 3865X 
compares "favorably with the 
20MHz '286 machines reviewed 
in "The 80286: Unsafe at Higher 
Speeds?"" (PC Magazine, De- 
cember 27, 1988). 

So forget those 16- and ZOMHz 
‘286 machines forever. The ZEOS 
'386SX-16 "blows ‘em right out 


of the water.” As PC Magazine 
says, “386SX-based machines 
are the right choice..." and the 
new ZEOS 3865X is the right 
Choice for you. 


30 Day Absolute Satisfaction 
Guarantee. One Full Year 
Limited Warranty. 
If a company believes in their 
ct, they should stand Rock 
olid behind it. Thats why your 
new ZEOS 3865X hard drive sys- 
tem includes our famous 30 Day 
Absolute Satisfaction Money 
Back Guarantee, One Full Year 
Limited Warranty and Express 
Parts Replacement Policy. 


24 Hour a Day Sales and Toll 
Free Technical Support! 

And talk about service! ZEOS 
is the only computer company in 
America standing by ready to 
help you Toll Free, 24 hours a day, 
365 days a year. Nobody ems 
their customers like ZEOS! 


Order your new ZEOS 3865X 
now with confidence. Your choice 
of ZEOS quality and performance 
is Guaranieed. Order now by 
calling 800-423-5891. 


All prices and specifications ате subject to change vwithous notice, Please call for curen pricing and warranty details. 


The New ZEOS 


| 386SX Hard Drive 
$ а | System. Below 
| 286 Prices! 
ү | ^ Only $1,695 
e The future is now! 


Why be left behind with yes- 
lerdays 286 ? This 
fast new ZEOS 386SX system 


6 e 
i is your high performance ticket 
| ie ‘386 computing power. Its 
e actually faster and yet less 
expensive than comparable 

286 systems. 

= 303565 X-16 CPU, 8/IGMHz 
Dual Speed Keyboard Select- 
able. Reset/ Turbo Buttons. 

=» 512K DRAM, expandable to 
a System Total of IGMB. 

a Shadow RAM and EMS 
capability. 

a Fast 32M B Seagate 138R 
Hard Drive with autopark, 
12МВ Teac floppy drive. 

u Ultra high speed Hard/ 
Floppy controller. L1 inier. 
leave, High Speed transfer. 

a Genuine Hercules" brand 
graphics controller. High-Res 
Amber Display with Tilt/ 
Swivel. 

в ZEOS/RS Enhanced 
Tactile/ Chick keyboard. 

в 2 High Speed Serial Ports 
plus one Paraliel and one 
Game Port. 

в 6-16, 2-8 bit expansion slots. 
80387SX support. 

= Rugged ZEOS space saver 
case. Security lock and LED 
indicators. 

n Includes ZEOS 24 Hour a 
Day Toll Free Technical 
Support and Customer 

ckage 


"didis 


pul" 


MITE Os r, АР. | 
[ | I-NALAT: "d fy Fd 
"E NI IUNA, — | 
тц. UIT l 
Є LA 


Order Now Toll Free 


800-423-5891 


FAX Orders Dial: 612-633-1325 

In Minnesota Call: 612-633-4591] 
MasterCard, VISA, ZCARD, COD 
Open 24 Hours a day, 365 Days 

a year. 


ZEOS isa publicly traded company; MPLS/Sa, Paul Local (TU. ©1989 ZEDS international, Lid, 530 Sch Avenue, NW, 54. Paul, MN 55112. 
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ZEOS 386 Systems 


Complete ZEOS 20MHz '386 


System. 80MB SCSI Drive! 


Only $2995 
I6MHz systems from $2295! 


The siandard by which others 
are measured! Featuring 64K 
CACHE (twice e d — aont- 
petitors) providing Zero- Wai! 
Stale performance vastly superior 
деінде memory 
es. incredible Value. 
Mm speed Zero- Wait 64K read 
and wrile-back SRAM CACHE. 
The fastest method known. 
е Genuine 32-011 Intel 80386. 
20MHz CPU. 
s IME of Zero- Wait DRAM 
Expandable to IGMA. 


в Fast S0MD, 28ms SCSI 


moy Hard Drive, Teac* 
12МВ Floppy Drive. 


a High sbeed HDD/FDD SCSI 
Host Adaptor with Software. 


a Genuine Hercules? brand 


graphics controller Higk- Kes 
Amber Dobler wi with ul/ 
Swivel, 


Performance Camporigane uting PC Labs Benchmark Series 


e 101 Key ZEOS Tachle/Click 
heyboani, 


a 2 High Speed Serial Ports plus 
one Parallel and one Game port. 
a 1-32, 6-16 and 1-8 int slots. 
= 50367 math coprocessor support. 
"ncn Suri Lick 
and 


в Includes — Hour a Day 
Toll Free Technical Support and 
Customer Satisfaction package. 

On Galore: including H" 

, add only $595, And an in- 
credible selection of hard drives: 
SCSI а e e MTM and 
virtua ot -ON YOu 
could wan uf. 


Order Now Toll Free 


FAX Orders Dial: 612-633-13 
la Minnesota Cal РЕТ 
Mate VISA, Z 


А, , COD 
Open 24 Hours a day, 365 Days a year. 


All pricex and epectfications arc subject to change without notice. Pleste call for current pricing ami warranry details, ZEOS 5 a publidy traded company; MP LSy Sr. Paul Local (TU 
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ZEOS 355-27 


“Out of 104 machines from Free Technical Support 24 


58 companies... For overall Hours a day, seven days a week, 
excellence we selected ZEOS 365 days a year! At ZEOS, we 
Internationals 386-16 and 386-207 believe in standing by our cus- 
PC Magazine, May 30, 1989 torners whenever they need us. 
The Editors af PC Magazine Then add our 30 Day 
came to this conclusion after in- Absolute Satisfaction Money 
vesting “25,000 hours of work by Back Guarantee, One Full Year 
60 people testing and reviewing 104 Limited Warranty and Express 
'386 PCs’ The review was thorough Parts Replacement Policy. You've 
and their conclusion specific. Simply, got the best. 
that out of all the manufacturers in And when you order your ZEOS 
the world, ZEOS offers you the very ‘386 you can have your pick from 
best ‘386 Value. the industry's broadest selection of 


options. As PC Magazine said, ZEOS 


In af areas, ZEOS machines 
offers "more options than even 


are top performers. With uncom- 


promising attention to quality and 
detail throughout. Not only do 
ZEOS systems themselves afford 
you the very best Values in com- 
puting today, they're backed up by Thats why ZEOS is PC Magazines 
the strongest after sales support #1 choice. And that's why ZEOS is 
in the industry. your best choice as well. So pick out 
At ZEOS we feel that if a eee ب‎ ced уы s 
beli in its produ order it now wi idence. 
اد ت‎ stand Rock Gold = choice of ZEOS excellence 1s Guar- 
behind them. anteed. Order now by calling 
Thats why ZEOS offers Toll 800-423-5891 
Complete 25MHz °386 ы есы Hercules? rand 
i | ics controller. High- 
VE чуман. 80MB Amber Display with Tit Swivel 
Å e BIOS and Video Shadow RAM 
Only $3995 ZEOS Tactic Click 
Е 5 / Click keyboard. 
= 2 High S Serial Ports plus 
ста i: systems one l and one e 
ZEOS 25MHs end 33MH в 7-32, 6-16 and 1-8 btt stots. 
2 2 
80386 systems are the fastest, n POST тый poe ун. 
mast advanced available any- ч a ZEOS 5-бау case. 
where. Government Computer Security Lock, LED indicators. 
ETE "she aerae 
"argua : ica 
and OS/2 micro tn the world.” 
Review after review, these ZEOS г H CA add o Secs Pare 
only $5 
крес REO! PU би large selection of SCSI, RLL, ESDI 
يا‎ m buys. À power or MFM hard drives and more. 
Order Now Toll Free 


в Uitm High speed Zero- Watt 
64K SRAM CACHE. 


a Genuine 32-bit intel '386-25 
or 33MHz CPU 

= IMB of Zero- Watt DRAM 
Expandable to iGMB. 

= Fast ЗОМВ, 28ms SCS! 
Seagate Hard Drive, Teac* 
L2MB Floppy Drive. 


e High HDD/FDD SCSI 
Host Adaptor with Software, 


Performance Comparisons using PC Labs Banchmark Series 
Release 4: 
"-—- "€ 


IEOS 385/25 Desktop 2.29 8.37 0.39 


800-425-5891 


©1989 ZEOS lnernationa), Lud., 530 Suh Avenue, N.W., St. Раш, MN 55112. АП product amd company names ace trademarks 
or regsuered trademarks od Uneir respective ive holders. 
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Right Now Guaranteed!* 


Yes, we can ship your new ZEOS* '286 or '386 

aay We've built up an extra supply of the hottest 

computers in America. The celebrated 
780 286-12 and PC Magazines Editors Choice— 
the ultra fast ZEOS 386-20. 

Take your pick now for immediate delivery. 
These are both complete, genuine ZEOS Zero-Wait 
state systems. Both include an ultra-fast Seagate 
hard drive and all the other goodies. And they're 
ready to ship. Right Now. 

Here's how it works. We have these extra 


systems 
re-built and ready to ship. They include both High 


lution Monochrome and VGA systems. While 
supplies last, we will ship either of these systems to 
you the day you order subject to these conditions: 


Total). EMS Capability on board. 


p 


1. Your order must be received by IPM Central Time. 

2. Credit Cards are subject to credit card authorization. 

3. Orders must be for our standard 286-12MHz 
system or 386-20M Hz system, either mono- 
chrome or VGA. Any other systems or upgrades 
are custom built and will take slightly longer. 


*Qur Guarantee io You: 


If we fail to ship your system under the conditions 
outlined, we will ship it at our expense as soon as it 
is ready. All systems are fully burned in and tested. 
Each system includes our 30 day Money Back 
Guarantee and One Full Year Limited Warranty. 


Plus 24 Hour a day Toll Free technical support and 


Express Parts Replacement are included too! 
This offer is good only as ong as these pre- built 


Complete ZEOS MHz '286 = Fast З2МВ Seagate 1388 
with 32MB Hard Drive! Hard Drive with auio park, 
12МВ Floppy Drive. 
Only $1,395 ILL 
y controller 1:1 interleave, 800 
for VGA color add $595 KB/sec transfer rate. 
в Genuine Hercules" (Yes, 
FREE Shareware Disks Too! Hercules!) Brand graphics 
25 Software Programs Included card. High-Res Amber Display 
Every system will include 25 with Tilt/Swivel Base. 
teady to run Shareware programs e ZEOS Enhanced 101 Key 
om free disks. Included are Keyboard with our Pleasant 
programs for Word Processing, Tachile/Click Feel. 
Spread Sheets, Educational, ш Serial and Parallel Printer 
Financial, Bustness, Games and Ports. 
more. With Shareware you can а Clock/Calendar with Battery 
rns om rte m Eva 
register wi author : 
e dl nt ia = 6-16 and 2-8 bit expansion slots. 
= 80287 support, up to 12 MHz. 
Standard Features Include: в ы Duty s= بض‎ rar 
= 80296-12 CPU, 6/12M Hz Performanca Comparisons using PC Labs Banchmark Series kie: берм 
Dual nai e imeri Кесу 4: — 
ware se . Reset an 
M. ne al insirui Order Now Toll Free 
a Zero-Wait State DRAM, 512K 800-423- S89] 
expandable io 4MB on the 
mother board (1G6MB System 


АП prices and specifications anc sui to change without notice. Phetce call for current pricing and warranty details. COD orders may require an advance deposit P5/2 and AT are inedemarks of TEM Corporation 
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systems remain in stock; please give us a call to 
verify availability. This offer does not apply to other 
ZEOS systems or custom configurations. 


Immediate shipment ts only part of the story. 


ZEOS builds Rock Solid computers. That's why we 
offer you our 30 Day Money Back Guarantee, Toll Free 


and Full One Year Limited Warranty. 


Compare that to the others. Then 


compare performance. 
Performance is what ZEOS is all about. If you're 


e ا‎ computer you may as well buy the fastest. 
S 286-12 is the fastest in its class. It features 
true Zero- Wait state operation with speeds close to 
many 386 systems 

Or select the ZEOS 386-20. The Editors of PC 
Magazine did. In fact, they said "Out of 104 machines 


Complete ZEOS 20MHz 386 
with 80MB 28ms SCSI Drive! 


Only $2,995 
For VGA color add $595 


FOS 18622, Sumdard Features 
& WV Include: 


W ute 
p | a ; 


Intel 80386. 
20MHz CPU 


a IMB of 
Zero-Wait DRAM Expandable 
to ISMB system total. 

a Fast 80MB, 28ms SCSI 
Seagate Hard Drive, L2MB 
Floppy Drive. 

a Ultra high speed Hard/Fioppy 

- SCSI controller. 

в Genuine Hercules" Brand 
graphics card. High-Res Amber 
Display with Tilt/ Swivel Base. 


from 58 companies... for overall excellence in both 
the 16- and 20MHz categories, we selected ZEOS 
International's 386-16 and 386-20" Апа ZEOS ’386 
systems have racked up three PC Magazine Editors 
Choice awards so far this year! 

PC Resource Magazine put it this way "ZEOS 

. provides quality comparable with the IBM or 
Compaq and does so for about 70% of the cost? 
Personal Computing simply says “The best value 
we've come across so far? 

We couldn't have said it better ourselves. 

And these are the machines that we have 
ready to ship to you right now. Rock solid block 
buster ZEOS machines with quality and perform- 
ance that is, in a word, Guaranteed. Order now by 
calling 800-432-5891. 


a 101 Key ZEOS Tactile/Click 
keyboard. 


a High speed Serial and 
Parallel Ports. 

= 7-32, 5-16 and 2-8 bit siots. 

u 80387 math co-processor 
support. 

е ZEOS 5-bay case with security 
lock and LED indicators. 


Order Now Toll Free 


800-423-5891 


FAX Orders Dial: 612-633-1325 


In Minnesota Call: 612-033-459] 

MasterCard, VISA, Z Card and COD 
n 24 Hours a day! 

ZEOS International, Ltd. 

530 5th Avenue, W. 

St. Paul. MN 55122 USA 


Deskpro is a uademark of Compaq Computer Corporation, Carporate leasing plans ате #ralabje ZEOS ку 5 pali traded company; MPLS/St Paul Loca] OTC, 2 1989 ZEOS International, Lid. 
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Terminal emulation doesn’t 
have to be this way. 


We've all been there. Trying to remember whether the “Do” key is 
really <Ctrl-F1>. Or was it <Alt-Fl>? And the editing keypad. 
Can you be absolutely sure you're about to press the "Select" key 
and not the “Remove” key? The results can be disastrous. 


That's why KEA developed the PowerStation. The PowerStation, 
an exact VT200 layout keyboard bundled with VT240 or VT220 
terminal emulation software, turns your IBM PC or cornpatible into 
a key-by-key replica of a DEC terminal- without messy labels! 


But what does that get you? 


Peace of mind. The PowerStation keyboard takes the frustration 
out of switching between a DEC terminal and a PC because 

each key is right where you'd expect it to be. And our "Gold Key" 
version makes ALLIN-] and WPS a breeze. 


Savings. If you think you can't afford both emulation software 
anda keyboard, think again! The PowerStation can actually save 
you money by eliminating the time you waste every day trans- 
lating between VT and PC keystrokes. And with the PowerStation, 
startup training costs are virtually eliminated. 


Consistency. The PowerStation keyboard provides a consistent 
interface for both VT emulation and regular PC applications. In 
emulation mode you get the 105-key functionality of a real DEC key- 
board and in PC mode you get a super enhanced keyboard. And 
you can use the PowerStation on virtually any PC! Move between 
an XT, AT, PS/2, AT&T PC and a DEC terminal without missing 

a keystoke. 


PowerStation and ZSTEM are trademarks of K EA 
Systems Ltd. All other brand and product names 
arc trademarks ar registered trademarks оѓ 

their respective holders 


The best in terminal emulation software. With the PowerStation 
keyboard you get the fastest, most precise, DEC terminal emulation 
software available: ZSTEM. You have the choice between two 
popular software packages: ZSTEM 240, our VT241/VT340 graphics 
emulator and ZSTEM 220, our VT220 text emulator. Both packages 
will impress you with their speed and feature-by-feature accuracy. 
To top it off, the PowerStation gives you all this at a surprisingly 


low price. But find out for yourself why Digital Review Labs says 
“the PowerStation 240 is a godsend” Call us at 800-665-8702. 


KEA Systems Ltd., 2150 West Broadway, Suite 412 
Vancouver, B.C., Canada УБК 4L9 
Telephone: 604-732-7411 Fax: 604-732-0715 


Circle 154 on Reader Service Card 


IBM SPECIAL ISSUE 


USING EXPANDED 
MEMORY 


Before you abandon DOS for other operating systems, 


s application programs 
become more powerful 
and flexible, the demand 
on system memory in- 
creases. When the sys- 
tem is based on real-mode, segmented- 
addressing processors, such as the 80x86 
family, that demand often results in the 
640K-byte limit being exceeded. How- 
ever, if a large portion of the applica- 
tion's memory requirement is 
for data storage, there is a 
simple remedy. 

The Lotus/Intel/Microsoft 
Enhanced Expanded Meraory 
Specification (LIM/EEMS) 
can relieve much of the data 
storage burden from conven- 
tional memory by providing 
access to as much as 32 mega- 
bytes of additional memory. 


Expanded Memory 

The 80x86 processors, oper- 
ating in real mode, have phys- 
ical addressability to 1 mega- 
byte of memory. Although the 
80286 and 80386 processors 
have greater physical address- 
ing capabilities when operat- 
ing in OS/2 protected mode, 
when running in real mode 
they have the same 1-mega- 
byte limitation. EMS was de- 
veloped to allow real-mode 
processing to have access to 
additional memory, It uses a 


ILLUSTRATION: JOHN BREAKEY & 1989 


look to expanded memory 
David M. Yancich 


technique called paging, or bank switch- 
ing. Simply put, paging redirects mem- 
ory accesses within a 64K-byte, or 
larger, window of the I-megabyte physi- 
cal address space to memory outside of 
that space. The requirements for ex- 
panded memory include additional hard- 
ware (in the form of bank-switching reg- 
isters) and a software device driver. The 
bank-switching —— EE 
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act as gateways between the "physical" 
window within the 1-megabyte space and 
the "logical" meinory that resides on the 
expanded memory board. The device 
driver, called the expanded memory 
manager (EMM), controls the registers 
so that à program's memory accesses can 
be redirected throughout the entire range 
Of available expanded memory. The 
physical address window consists of a 
minimum of 64K bytes of un- 
used contiguous memory-ad- 
dress space, accessible in four 
16K-byte pages. Bach page 
can be individually addressed 
and directed to any part of the 
expanded memory, which is 
also accessible in 16K-byte 
pages (see figure 1). 

À program that has not 
been written specifically to 
take advantage of expanded 
memory will gain no benefit 
from it, no matter how much 

, expanded memory vou have 
in your system. To access ex- 
panded memory, a program 
needs to communicate with 
the EMM for the purposes of 
verifying hardware/software 
functionality, allocating 
memory, "mapping" physi- 
cal pages with logical pages 
so that memory accesses are 
routed to the proper place, 
and deallocating expanded 

continued 
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"We're looking for 
retired managers 
who want to get 
back into action? 


Harold W. McGraw, Jr., 
Chairman Emeritus, McGraw-Hill, Inc. 


l'm a volunteer supporter of the Inter- 
national Executive Service Corps, a 
not-for-profit organization with a vital 
mission: 

We send retired U.S. managers over- 
seas to help businesses in developing 
countries, which often respond by 
increasing their imports of U.S. goods. 
In fact, developing countries consume 
about 40 percent of U.S. exports. 


As an IESC volunteer, you would 
nol get э salary, But you would get 
expenses for you and your spouse, 
plus a world of personal satisfaction. 


IESC leads the field in this kind of work. 
We've done over 9,000 projects in 81 
countries. We could have a project 
that's just right for you. To find out, send 
this coupon to: Harold W. McGraw, Jr, 
Chairman, McGraw-Hill, Inc., PO. Box 
10005, Stamford, CT 06904-2005. 


| (ESC volunteer 1 am в recentty retired manager or 
technician— с am about to retre—rom а US. come 
| риу lm ime to accept an overseas assknament, | 
[капи e ering ac سا ا‎ ааа | 
pe SPOUSES, по y | 
| 
| 
| 


Sie 2p 


ENT 


in what publication did you see his ad? 
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USING EXPANDED MEMORY 


memory when you end the program, 
Communication with the EMM is simi- 
lar to making calls to DOS. The program 
sets up the proper CPU registers and 
makes а software interrupt request (in- 
terrupt vector 0x67). More than 30 major 
Functions are defined by the LIM/EEMS 
standard, and they give applications and 
operating systems control over expanded 
memory. 

When а program allocates expanded 
memory pagcs, thc EMM returns a han- 
dle to the requesting program. This han- 
dle (integer value) is then used in future 
calls to the EMM to identify which block 
of logical pages is being manipulated. 


Developing a C Library 
Many of the programs that I have written 
have been for real-time data acquisition 
and data analysis, applications that re- 
quire substantial data buffer and data 
array sizes. Storing this data in expanded 
memory allows me to generate more 
code to increase program functionality 
and user friendliness. 

I have developed and placed in the 
public domain a library for use with 
Microsoft C that has functions that dy- 


| namically allocate and access expanded 


memory, similar to C's intrinsic mal- 
loe() functions. There are several 
issues that should be considered when de- 
veloping code that will access expanded 


memory, and I will suggest some tech- 
niques that may be of interest. 

First, you need the low-level functions 
that allow the application code to com- 
municate with the EMM. The EMM is 
accessed using software interrupt 0x67. 
Most C compilers have functions that ex- 
ecute software interrupts. Microsoft C 
includes several variations, of which 
int86() and intBéx() provide all the 
proper register passing required to схе- 
cute the EMM (see listing 1). The func- 
tions I wil] describe were developed 
using this method. So, while developing 
these functions is essential to all subse- 
quent steps, the work has largely been 
done. Complete details of the EMM 
functions are available from Intel (EMS) 
and AST Research (EEMS). 

When I was writing my programs, 1 
wanted to allocate expanded memory in 
a manner similar to allocating standard 
memory using the malloc( ) functions. I 
therefore needed a function that would 
check for memory availability, allocate 
the desired number of pages, and return 
sorne type of information to inform the 
program of the results. But unlike with 
malloc(), more information than an ad- 
dress would be necessary. The function, 
which I call xpmalloc(), returns a 
pointer to a structure that contains the in- 
formation shown in listing 2. As with 

continued 
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Figure 1: Bank-switching registers direct data traffic between physical and logical 
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THE COMPUSTAR. 
THEORY OF SENSIBILITY 


Okay, we admit it may not be as 
profound as Einstein’s Theory of 
Relativity. But, if you're a computer 
user, we bet it’s a bit more, shall we 
say, “relative” — not to mention a 
whole lot more sensible. 


[. "C" stands for Compustarg — the world's 
first and only multi-processor, convertible bus" 
microcomputer. And, as the theory states, 
CompuStar means AT, МСА and EISA compati- 
bility — all in a single system. 


A CONVERTIBLE BUS? 


Each Compustar features snap-in bus 
"modules" that let you convert from one bus 
standard to another — a PC/AT! bus, a PS/2 
(MCA) bus. . .or both! 


d SNAP-IN PS/2 
-———— AND AT BUS MODULES. 


Depending on configuration, you con hove 
up to 13 AT and/or Р5/2 bus expansion slots. 
Plus, when the new EISA bus becomes popular, 
we're licensed to offer it os well. 


THREE COMPUTERS IN ONE. 


Buses are not the only thing you can reconfigure in a 
Comipustor, Each system can be equipped with any of three 
CPU Modules — on 80286, an 80386 and soon — an B0486! 
Since the modules are interchangeable, you won't have to 
worry about buying the wrong computer system. We'll even 
let you trade-in your CPU Module toward the purchase of 


пў 
xe ЧАҢ, 


any of the other more powerful modules.* But 
that's not all. CompuStar features an incredible 
seven disk/tape compartments that we'll gladly 
custom configure for you at the factory. No mat- 
ter what your application, we can tailor fit a 
Compustar to match it precisely. 


CPU MODULES ARE INTERCHANGEABLE. 
IT’S NUMBER ONE RATED. 

If you're thinking a computer with as much 
flexibility as CompusStar would have to compro- 
mise something, like performance — think again. 
The Compustar is one of the fastest, most power- 
ful systems available. In fact, CompuStar’s per- 
formance and flexibility so impressed InfoWorld 
magazine they gave it the highest rating of all 
hardware products tested in 1988! That's aston- 
ishing when you consider you can buy a 
Compustar for thousands of dollars less than a 
at at equipped system from IBM or 

mpaq. 


If the next generation in personal comput- 
ers is what you're shopping for, why not call us 


today at 803/796-7800 to arrange a no obligation, 31-day 


Compustarg trial in your office? Relatively speaking, it's the 
only sensible thing to do. VAR inquiries also welcome. 


«ә Wells American 


Circle 265 on Reader Service Card (DEALERS: 266) 


Corporate Heodquarters: 3243 Sunset Baulevard + West Columbia, SC 29169 © 803/796-7800 + FAX 803/796-7029 


‘Personal Computer AT, AT, P5/2 and ІВМ are trademarks of International Business Machines Corporation. 2 MCA Is a trademark of ISM, 
“Same ceteictinns mow anniv, Call us for details on our trade-in and total customer satisfaction proqrams. 


Listing 1: Low-level functions 
like this one allow conununication 
between applications and the 
expanded memory manager. 


(Gat Status — function 1} 
#include <dos. h? 

Mdefine LAH inRega. h. als 
#dyflne DAH cutReges. h, au 
#define XPMINT 0167 

Jaefina GETSTATUS 040 

union REGS luRegs,outhegai, 

ү getStatusa() 


TAH - GETETATUE; 
intS6{XPMINT, LinRegu, теру); 


return{OAH}; 
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slandard memory allocations. the re- 
quested amount of expanded memory is 
reserved by calling this function, but ac- 
cess requires slightly more preparation. 

The next issuc to consider is the size of 
your largest memory allocations and ac- 
cesses. There are two possibilities: sizes 
greater than the physical window size 
(64K bytes) and sizes less than 64K 
bytes. To access expanded memory, the 
physical and logical pages first have to be 
mapped. Since the size of the physical 
window is 64K bytes, access to data clc- 
ments greater than Chal requires new log- 
ical pages to be mapped into the window 
space. 

From a programming aspect, this re- 


Listing 2: Expanded memory іх allocated using a variant of the ma11oc ( ) 
functions, The function xoma) oc( ) returns a pointer that contains memory- 


allocation information. 


pede? atruet typxpmalloe { 
char WdataPtr; 
struct typhandlopages | 
unsigned int пане; 


{* Pointer to data (pagePremc] M) 


(^ Expanded memory handle &/ 


unsigned int Pagesalloced; /" Number of pngco ullouatad ву 


] xpm[d; 


unsigned int tapLogicalPage; /%# First logical баре mapped %/ 


aneigned long totalfize; 
unsigned int aceesszedFlag; 
] typXPMALLOC; 


f3 Total memory required +f 
[4 Structure mapped Flag */ 


REMOTE STORE AND SEARCH 


Element 84K 1 
located in logical 


Function accesses 


physical address 
(54K + 1) 96 64K = 


pageFrame + 0 


Logical pages 
Physical pages 


«ees 


Logical page 0 


| Logical page 1 


Logical page 2 


Logical page 3 | 
ee 2H 
Logical page 4 


Logical page 6 | 


Logical page 7 | 


Allocated array size 
128K bytes 
Eight logical pages 


Figure 2: A conventional memory access for element (64K bytes | sizeof 
(element)) + 1 would have an address that points outside the physical window, 
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quires thal the index into the data be con- 
stantly monitored so that if it crosses the 
64K-byte boundary, the proper page re- 
mapping can occur. lithe data size is less 
than 64K bytes, this is noL a concern. As 
four 16K-hyte pages can be mapped at à 
single time, direct access to 64K-byte 
memory can occur without the need to 
remap pages. Obvivusly, there is a trade- 
off between perlormance and array size. 

І decided to develop two functions that 
would take care of page mapping and 
boundary checking when used with data 
arrays larger than 64K bytes: onc for 
rcading datu, and one for writing data. 
The parameters passed to these functions 
arc thc data item index, the data valuc 
(writing) ur poinicr-to-data variable 
(reading), and a pointer to the xpmalloc 
structure, which was returned by xpmal- 
loo(). The values in the xpmalloc 
structure are used tn the boundary- 
checking algorithms and page-mapping 
Procedures. 

The functions must be defined for a 
specific data type so thal an element sizc 
is known. For example, if thc data is to 
bc an array of float, the functions 
would use (sizeof(float) ж index) to 
determine if the 64K-byte boundary has 
been crossed. If the boundary is crossed. 
new logical pages must be mapped into 
the physical window. 

The next starting logical page number 
can bc calculated by ((aizeof( float) x 
index) | PAGESIZE), where PAGESIZE 
= 16K byles. This new logical page, and 
all higher logical pages allocated to this 
array, are then mapped into the physical 
window, allowing access to dala ele- 
ments beyond the 64K-byte boundary. 

it's important to be aware of how page 
remapping changes the effective index 
into the data array. Since the physical 
window consists of 64K bytes of contigu- 
ous address space, a conventional mem- 
ory access for element (64K bytes / 
sizeof(element)) + 1 would have an 
address that points outside the physica! 
window. Because the new logical page 
was mapped into the window starting at 
the first physical page, the effective 
index for that element is 0 (see figure 2). 

My data-accessing functions use a 
simple mod operation (index % 64K 
bytes) to calculate the proper physical 
address associated with the passed index 
parameter. When programs use these 
functions, every data access is checked 
for boundary intcgrity, causing a perfor- 
mance penalty. Howcver, if the data 
array must be larger than 64K bytes and 
the application needs to access the entire 
array in a random order, the trade-off 

continued 


ж "m 


а= م س ید‎ д 


М 


EN... ШШ... 


eneric CADD А 
curate draw; 
Our ney 

о 


($9.95) 


Geert CADD, СА нды; and Sneak Речте ore trodamarks of Genera Softwore, lnc ПЭТ North Creek Porkwoy South, Bothell, wá, F011. 8004 valid in both U S and Conada 


Cirele 117 on Reader Service Card (DEALERS: 118) 


128 Fall 1989 


Listing 3: Allocating and 
accessing a 32K-byte integer array 
(within the physical window size 
limit —exiended-memory-manager 
functions assumed available). 


initialize 


?* 
** Gode bo асссоо cxpandod memory. 
* 
register int 1. 
int "ántArrny; 
ehar *pager rene; 
int n agee; 
Int зоа! avaliable; 
int handle; 


jt 
EZ 42K array f 16K PACESIZE 
K 


nuN)fPRgpSS = 2; 


{* Functien 3 

+t Check for availeble pages 

** returns: total pages and 
avalleble pages 


xj 
hum vnlllnges(Bktowl,anvrellabic) 


JEI? there ave available pages x/ 
Ü (availabla > numtf Pages) 


іи Function 4 
яя Reserve expanded memory pages 
Fk returns: expamied memory handle 


E 
А allosatePagem(rumOfPogen, лама); 


14 Function 2 

#* Get pageFrame address 

*" returno: segmant address of 
physical window 


getFageFrameAddr($pagePrame) ; 


Ja 
## Integer srray address will be 
^^ address of EMM window (pageFrame) 


т} 
IntPtr a (int *)pageFrame; 


?* 
** Function 5 — map individual pages 
** Point to proper logical pages 


af 
ia (17911424104) 


physicalPageHum = 1, 

legicnlPagsNum = 1; 

mapPage (phyeicalPagehum, 
; legicnlPagelun,nandle);: 


Е 
** Arcess dats 
H 


m (1:0;1«1000; i++} 
eintPtres в 1; 
- m - 


intPtr[1) = i; 


T 

н Funetion 6 — Deullocate pages 
rh ы1=ить allce^aked pages 

т 


velencePages (папа? т}; 
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favors the boundary-check ing Function. 

When you use expanded memory allo- 
cations with third-party memory Гопс- 
tions, remember that these Functions 
expect to have access to contiguous ad- 
dresses. No logical page mapping can be 
performed externally. Thus, access is 
strictly limited to physical window size. 

Again, in cascs where the size of the 
data is less than 64K bytes, you don't 
have to do any boundary checking. All 
required pages can bc mapped, and ac- 
cess can occur. Limiting data sizes to the 
window size is the most straightforward 
wny to access expanded memory. Listing 
3 shows an example of Koran and ac- 
cessing a 32K-byte i integer array (within 
the physica] window sizc limit, with thc 
EMM functions assumed available). 

Allowing multiple data ailocations has 
an effect on the page mapping. If only 
one data allocation is involved, and it is 
less than 64K bytes, you can map the 
pages once and forget about them without 
incurring amy further performance pen- 
alty. Clearly, this is the simplest and 
most direct access of expanded memory. 

If multiple allocations are involved, 
and their sizes are less than 64K bytes, 
logical pages should bc mapped before 
access and unmapped after access (un- 
mapping protects the data from inadver- 
tem accesses). This сгсаісз a perfor- 
mance penalty when random accesses to 
different arrays are required. To reduce 
this penalty, as Many continuous ac- 
cesses to a Single array us possible should 
be performed before the pages are re- 
mapped for a different array access. If 
both size and multiple allocations are in- 
volved, you incur the greatest penalty 
from the combination of boundary 
checks and page mapping. 

The xpmalloc structure includes an 
integer member, accessedF Lag, that in- 
dicates which data allocation is currently 
mapped. If the same array is accessed 
several times іп a row, the check for this 
flag will reduce page mappings and im- 
prove performance. Another point to re- 
member when you're allocating ex- 
panded memory is deallocation. When 
your program terminates, all allocated 
logical pages must be deallocated, or 
they wil] be inaccessible for future use 
until the system is rebooted. 


Specific Specifications 

The latest expanded memory specifica- 
tions are EMS 4.0 and EEMS 3.2. Thesc 
two versions offer several benefits that 
greatly cnhaucc their usc. The major cn- 
hancement to both specifications over 
earlier versions ie the ability to nave 
larger physical address windows. This 
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removes the 64K-byte direct-data-access 
limitation and allows direct access up to 
the window size. 

The window size will vary from sys- 
tem to system, depending on the amount 
of unused contiguous address space. Ac- 
cess to a larger window cannot be accom- 
plished by mstailation of the later version 
of the EMM alone; an expanded memory 
board that supports larger windows (i.e., 
has morc bank-switching registers) ts 
also required. Use EMS function 25 (Get 
mappable physical address array) or 
EEMS function 33 (Get standard physi- 
cal window array) to determine the max- 
imum window size that is available in 
your system. 

Along with larger windows in high 
memory (above 640K bytes), mapping 
into conventional memory-address spacc 
is allowed, but this technique was actu- 
ally included for operating-system ac- 
cess. Several functions available in the 
latest versions of the specifications offer 
enhanced capabilities, such as casy ma- 
nipulation of memory—both cxpanded 
and conventional—and multiple page 
mapping with a single call. 

For схатріс, EMS function 24 pro- 
vides memory move/exchange capabili- 
ties without page mapping. I found this 
function useful in saving screen images 
to expanded memory when developing а 

“windowing” user interface. BMS func- 
tion 17 will map all pages within the 
physical window size in one call, which 
is useful in reducing the performance 
penalties in page remapping. Some bene- 
fits of the latest versions of the specifica- 
tions require supporting hardware, but 
some do not. If you have earlier versions 
of the hardware, you can still install 
EMM updates and gain some benefits. 

The expanded memory specifications 
have been around for several years, but 
until recently their use has seemed some- 
thing of a black art known only to major 
application or operating-system develop- 
ers. Today, many weil-known and not- 
so-well-known applications have begun 
to exploit expanded memory and the 
EMM functions. If your application is 
knocking on the 640K-byte door, before 
you decide to move to OS/2 or other op- 
erating systems, give expanded memory 
a look. 8i 


Editor's note: Source code in C for the 
memor y-allocaitun functions library ij 
available on disk and on BIX. See page 3 
for details. 


David M. Yancich is a systems consultanr 
in Baltimore. He can be contacted on AIX 
c/o "editors, " 
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New microcomputer bus architectures let multiple devices 
control input and output in a system 


Brian T. Anderson and Marcy A. Puhnaty 


| erhaps the biggest per- 
formance bottleneck in a 
microcomputer is the I/O 
bus. In most machines, 
the CPU must handle 
data transfers between peripherals and 
memory. This keeps the CPU from per- 
forming its more sophisticated process- 
ing chores and therefore degrades system 
throughput. Recently, however, new I/O 
architectures have been intro- 
duced that allow peripherals 
to take control of the bus. 
Called bus masters, these in- 
telligent peripherals represent 
a significant advance in per- 
sonal computer design. 


Processors and Buses 

Since the introduction of the 
IBM PC in 1981, changes in 
personal computing technol- 
ogy have focused on the CPU 
and the architecture of the 
I/O. CPU technology has mi- 
grated from the 4.77-MHz 
8088/8086 to the 80286, with 
clock speeds of up to 20 MHz, 
and now to the 80386, with 
clock speeds of up to 33 MHz. 
The next plateau, 80486 tech- 
nology, is fast approaching. 
But because a system is only 
as fast as its slowest part, 
faster processors alone cannot 
ensure faster systems. Im- 
provements in I/O technology 
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are also critical in improving system 
performance. 

The evolution of the 1O bus architec- 
ture in microcomputers hasn't been as 
straightforward as the evolution of 
CPUs. It is much harder to speed up the 
bus than it is to speed up the CPU. You 
do gain some performance benefits by 
simply speeding up the bus, but you also 
run the risk of losing compatibility with 


existing peripheral devices and applica- 
tions software. 


The Evolving Standard 

The most common microcomputer I/O 
bus architecture is the Industry Standard 
Architecture. ISA is an 8-MHz bus with 
24-bit direct memory access (DMA), 
providing 16 megabytes of addressable 
memory. It was introduced with an 8-bit 
data path by IBM in the XT. 
The second version, with both 
an 8-bit and a 16-bit data 
path, appeared in 1984 in the 
AT. The ISA bus in the AT isa 
superset of the ISA bus in the 
XT, so all peripheral devices 
compatible with the XT are 
also compatible with the AT. 
Billions of dollars have been 
spent on peripheral devices 
for this architecture. 

The need for an improved 
PC bus architecture was 
prompted by the introduction 
of the 80386 processor. The 
increase in CPU performance 
that this chip engendered led 
IBM to introduce the Micro 
Channel architecture in 1987 
with the PS/2 line of personal 
computers. MCA isa 10-MHz 
bus with 24-bit DMA, provid- 
ing 16 megabytes of address- 
able memory. It also features 
a 32-bit data path. MCA is not 

continued 
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compatible with the existing ISA stan- 
dard and therefore will not support any 
of the existing [SA peripheral devices. 
As an alternative to MCA, microcom- 
puter manufacturers formed a consor- 
tium in October 1988 to establish a new 
bus architecture that would maintain 
compatibility with the [SA bus while pro- 
viding for the advanced features intro- 
duced by MCA. The result is the Ex- 


tended Industry Standard Architecture. 
EISA is an 8-MHz bus with 32-hit 
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DMA, providing 4 gigabytes of address- 
able memory. The consortium—the so- 
called Gang of Nine—consists of AST 
Research, Compaq, Epson America, 
Hewlett-Packard, NEC Information Sys- 
tems, Ing. C. Olivetti & Co., Tandy, 
Wyse Technology, and Zenith Data Sys- 
tems. Intel has announced the availabil- 
ity of the EISA chip set, and EISA ma- 
chines should be available later this year. 

In addition to 32-bit data paths, MCA 
and EISA both feature notable advances 
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over ISA. These include switchless auto- 
configuration, bus mastering, and burst- 
mode transfer. Of these, bus mastering is 
the most intriguing and promises the 
greatest performance benefits over rhe 


long term. 


Basics of Bus Mastering 

Put simply, a bus master is an intelligent 
device—typically, a microprocessor— 
that interfaces to the system bus and has 
the ability to control the transfor of data 
across that bus without іпісгуспіюп from 
the CPU. Since the CPL is not used for 
bus management, the bus master can op- 
erate in parallel with the CPU to transfer 
data across the bus at high speeds. This 
differs from the standard ISA I/O bus ar- 
chitecture, where the CPU controls all 
bus activity with the exception of DMA. 
In the case of DMA, devices that are at- 
tached to the bus transfer data directly to 
main memory using the system's DMA 
controller instead of the CPU. 

All peripheral devices attached to the 
bus are categorized as either masters or 
slaves. Whereas a master can takc con- 
trol and own the bus, a slave device must 
use the CPU to manage all bus transac- 
tions. Slave devices are serviced by the 
CPU only after a request is made via an 
interrupt signal. This signal notifies the 
CPU that the slave device needs it and the 
bus for a transaction. In ISA-based 

ters, all peripheral devices 
are slaves; the CPU is the only master. 

A bus master can play cither of two 
roles in a computer system: It can be ded- 
icated to handling specific tasks, or it 
can be a general-purpose processor, 
Typically, task-oriented bus masters are 
peripheral devices that perform high- 
performance tasks such as graphics, net- 
work control, and data acquisition. Gen- 
eral-purpose bus masters are typically 
coprocessor peripherals. 4 coprocessor 
peripheral acts like the CPU so that the 
system work load can be shared or split 
between the two. 


Sharing Control 
A system bus can effectively support 
multiple bus masters by implementing a 
bus-arbitration mechanism in the bus- 
control circuitry. Bus arbitration selects 
and grants control of the bus to a bus 
master, When several bus masters are 
contending for control of the bus at the 
same time, a central arbiter mediates the 
requests according to assigned priority 
levels, Depending on the implementa- 
tion, priority levels might be assigned ac- 
cording to slot identification number or 
location, or the priority information 
continued 
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might be stored on the bus-master board, 
as in the case of MCA. In this way, no 
bus master can control the bus for indefi- 
nite periads of time. 

Bus architectures provide several sig- 
nals to facilitate bus arbitration. Bus 
masters use these signals to request con- 
trol of the bus and to determine if the 
request has been granted. Although bus- 
arbitration signals vary across archi- 
tectures, all perform thc same general 
function. For example, AST Rescarch's 
SMARTslot architecture provides a very 
simple approach to bus arbitration. 

MARTslot was one of the first ISA- 
compatible bus architectures to support 
bus mastering through thc usc of addi- 
tional connectors added to the bus siot. 
Under SMARTslot, each slot has its own 
dedicated set of bus-arbitration signals; 
bus request, bus grant, and a shared bus 
busy signal. To request control of the 
bus, the bus master sends a request by as- 
serting its unique bus-request line. The 
bus arbiter on the system board then de- 
termines which requesting bus master 
has the highest priority level. Bus control 
is then granted to the winning bus master 
by asscrting that board’s unique bus- 


bus master can take 
complete control 
of the system bus 
in order to transfer 
data to main memory. 


grant line. When the bus master detects 
the bus-grant line, it asserts the bus busy 
signal to indicate that the bus is in use. 


The Mastering Advantage 

To assess the relative merits of bus mas- 
tering versus standard ISA bus commu- 
nications, consider how cach method 
transfers data to main memory. With 
ISA, the CPU controls the entire transac- 
tion. First, the CPU performs a read to 


the peripheral device to obtain the infor- 
mation to be Lransferred. It then writes 
that information to main memory. Thus, 
the transfer requires two bus cycles: one 
for the read and one for the write. With a 
bus master, however, only one bus cycle 
is needed to transfer the data to main 
memory, and the CPU is bypassed alto- 
gether. With a bus master, only the write 
operation requires use of the bus. Ја 
theory, use of a bus master doubles thc 
data transfer rate for this operation. 
Another important advantagc of the 
newer PC ЏО bus architectures is the 
ability of bus masters to perform burst 
transfers. Burst-mode operation allows a 
bus master to transfer a block of data 
during a single arbitration cycle. For ex- 
ample, 16 bytes of data can be trans- 
ferred in one block using burst mode 
with MCA, as opposed to just 2 bytes 
under normal data و‎ operations. 
Becausc the bus master operating in 
burst mode is transferring data in larger 
blocks, it can complete its transfer in less 
time and relinquish control of the bus 
faster so it can be used by other system 
devices. Bus masters initiate burst mode 
continued 
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SERVING MANY MASTERS 


in different ways. With MCA, for exam- 
ple, bus masters request burst mode via 
the burst signal on the bus. 

Bus-master technology permits a com- 
pletely open bns. It allows a bns master to 
take complete control of the system bus in 
order to transfer data to main memory or 
to other peripheral devices attached to 
the bus. For example, communication 
can occur directly between a bus-master 


| network controller and the system's hard 


disk-cantroller interfaced to the system 
bus. Communication between intelligent 
devices atiached to an ISA-based system 
can occur only via the central processor. 

Depending on the bus implementation, 

the CPU could continue to handle other 
system tasks while the bus-master dovice 
has control of the system bus. Such is the 
case with MCA. This functionality fa- 
cilitates multitasking by providing an ef- 


| fective foundation in hardware to distrib- 
| ute processing. Specific tasks normally 


performed by the CPU can now be off- 
loaded to the bus master. 

To gain a better understanding of the 
benefits provided by bus mastering and 
burst-mode transfers, you need to exam- 
ine the specific implementations of this 
technology. 


Bus Flavors 
Bus-master technology is an integral 
part of numerous bus architectures. In 
the microcomputer world, you can find 
hardware support for bus masters on 
IBM's MCA, AST's SMARTSslot archi- 
tecture, and the NuBus architecture most 
notably used by Apple's Macintosh П. 
Machines using the BISA bus, expected 
late this year, will also support bus-mas- 
tering technology. Each of these buses 
approach the implementation of bus- 
master technology in different ways to 
accommodate unique objectives. 
Although not a complete implementa- 
tion, thc original ISA has a provision for 
another bus master aside from the CPU, 


This feature is implemented by a special 
signal on the ISA bus called MASTER. 
| A bus master takes control of the ISA bus 


by first isuring a DMA request (DRQ) to 
a DMA channel. Upon receiving a DMA 
acknowledge (DACK), the bus master 
brings the MASTER line low. It now has 
complete control of the system address, 
dats, and control lines. Data transfers 
can now be made without the help of the 
CPU, thus saving clock cycles. 

Since the ISA bus architecture con- 
tains no arbitration circuitry in hard- 
ware, the mediation of requests between 
multiple bus masters and the automatic 
transfer of bus control to an alternate bus 

continued 
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THE EISA ARBITRATION SEQUENCE 


Refresh 
| controller 


E 


Figure 1:7The round-robin priority scheme allows bus masters to gain control 
of the bus while maintaining compatibility with current ISA direct. memory-access 


peripherals. 


master cannot occur. Therefore, only 
one bus-master board can reside on the 
ISA bus. This bus master cannot transfer 
blocks of data under burst mode, as can 
MCA or EISA. An ISA bus master is 
limited to transferring 2 bytes per cycle. 
The lack of burst mode and the exclusion 
of bus arbitration on the ISA architecture 
has inhibited development of boards op- 
erating as bus masters for the ISA bus. 


The MCA 
IBM's MCA extends the CPU's local bus 
to provide an easy interface to the outside 
world. In this way, it 15 quite similar to 
the ISA bus. MCA, however, has many 
additional features, including support 
for bus masters and a 32-bit data path. 
Bus arbitration on the MCA is distrib- 
uted, meaning all contending bus mas- 
ters play a role im the arbitration process. 
When a bus master wants to take control 
of the bus, it first drives the arbitration 
request signal (PREEMPT). When the 
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previous bus master is l'inished with its 
data transfer, the central arbiter recog- 
nizes the PREEMPT line and then drives 
the arbitrate/grant (ARB/GNT) line into 
arbitration state. When the ARB/GNT 
line goes to the arbitration state, the bus 
master places its priority-level identifica- 
tion into the arbitration cycle on the four 
arbitration lines: ARBO, ARBI, ARB2, 
and ARB3. Each bus-master device then 
monitors these signals. If a bus master 
detects a priority level higher than its 
own, it removes itself from the arbitra- 
tion cycle. Át the end of the arbitration 
cycle, the ARB/GNT line changes state 
from high to low, thereby granting con- 
trol of the bus to the bus master with the 
highest priority. 

MCA also supports a fairness feature 
to prevent higher-priority devices from 
retaining indefinite control over the bus. 
It is important to note that priorities for 
system devices in MCA, such as DMA 
channels, are fixed in hardware. How- 
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ever. some of these fixed priorities can 
be changed through programming. MCA 
suppurts up to 16 bus masters. 


ISA Extensions 

AST Research's SMARTslot architec- 
ture is a fully compatible 16-bit ISA bus 
extended with additional signals tg sup- 
port multiple bus masters. Arbitration 
control is centralized in the system's bus- 
control circuitry, and arbitration prior- 
ity-level assignments are fixed according 
to slot location. Each slot has its own 
unique arbitration signals for communi- 
cating with the central arbiter. Up to 
three bus masters are supported in addi- 
tion to the CPU. 

The EISA bus, like SMARTSsiot, is a 
fully compatible extension of the ISA 
bus. It supports multiple bus masters as 
well as a 32-bit data path, enhanced 
DMA functions, burst-mode transfers, 
and switchless auto-configuration, Arbi- 
tration on the EISA bus is also central- 
ized on the system's bus controller. Arbi- 
tration priority levels are fixed, and each 
one has its own line to signal requests for 
bus control on a rotational basis. Figure 1 
illustrates the EISA rotational arbitration 
sequence. Note that a three-way rotation 
occurs between DMA, DRAM refresh, 
and all other devices in the arbitration 
scheme. DMA is given some preference 
to provide for compatibility with existing 
ISA DMA devices. It is important to note 
that although EISA is an open specifica- 
tion, all participating vendors are under 
nondisclosure on the specifics of the 
specification until the first EISA ma- 
chines are released. 


NuBus 

NuBus is a true arbitrated system bus in- 
dependent of the CPU. NuBus uses a dis- 
tributed arbitration protocol like MCA 
and also supports an arbitration fairness 
scheme. Once a bus master has been 
granted control of the bus and subse- 
quently releases it, this bus master can- 
not arbitrate for the bus again until all 
other requests have been serviced. Nu- 
Bus also provides bus and resource lock- 
ing signals to enhance the use of bus mas- 
ters for multiprocessing applications. 


Bus-Master Peripherals 

Although bus mastering is relatively new 
to personal computers, it has been imple- 
mented on some peripherals. Some rep- 
resentative examples follow. 

Even though the ISA bus does not effi- 
ciently support bus masters, some third- 
party board makers have designed add-in 
boards that make use of this feature. 

continued 
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PC SALES FORECAST BY BUS ARCHITECTURE 
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Figure 2: Bus-mastering technologies are expected to account for half of 
microcomputer sales in 1994. (Source: InfoCorp) 


Racet Computes Ltd. (3150 East Birch 
St., Brea, CA 92621, (714) 379-1725) 
manufactures the RCP host adapter for 
SCSI or ESDI subsystems. By imple- 
menting the bus-master feature of the 
ISA bus, the RCP host adapter is capable 
of transferring data at a minimum of 
850K bytes per second across the bus by 
eliminating the involvement of the CPU 
in data transfers. The RCP accomplishes 
bus mastering through the use of firm- 
ware on the board and software drivers. 

BICC Data Networks (1800 West Park 
Dr., Westborough, MA 01581, (508) 
898-2422) produces the Isolan 4110-3 
Ethernet bus-master controller for МСА. 
The Isolan board is one of the first MCA 
cards available that takes advantage of 
bus-master technology. It is unique in 
that it supports bus mastcring without the 
use of a microprocessor. 

According to engineers at BICC, the 
arbitration control and burst-mode trans- 
fers can be effectively implemented 
using programmable array logic chips 
and the MCA bus-controlier chip on the 
expansion board. Their MCA Ethernet 
controller can transfer 16-byte blocks at 
one time using bus mastering and burst 
mode, versus the 2-byte maximum on an 
ISA bus. The board's ability to transfer 
data in larger blocks allows it to complete 
its transfers in a shorter period of time. 
This means that the controller's require- 
ment for bus bandwidth is reduced, and 
the bus is more frequently available for 
use by other devices and the CPU. 

Ironically, BICC developed its MCA 
Ethernet bus-master controller before it 
developed an ISA bus version, Although 
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the card was designed from scratch spe- 
cifically for MCA, BICC converted it to 
act as a bus-master Ethernet controller 
for the ISA bus. 

IBM demonstrated a prototype gener- 
al-purpose bus-master peripheral device 
code-named Wizard at Uniforum in Feb- 
ruary. Wizard is an accelerator card that 
uses the Intel 80860 RISC processor, 
IBM equipped a PS/2 Model 80 with the 
Wizard board and OS/2 to compare its 
performance against the Sun Microsys- 
tems Sun-4/110 workstation and the Sili- 
con Graphics Iris-AD workstation. IBM 
representatives claimed a performance 
improvement of 30 times that of the Sun 
workstation and eight times that of the 
Iris workstation for computational and 
graphics processing. IBM has also devel- 
oped a System/370 general-purpose bus- 
master adapter for its PS/2 computers. 

Although IBM is not actively market- 
ing the product, it is available upon re- 
quest. The System/370 card allows the 
PS/2s to run System/370 software. 

JBM demonstrated a number of task- 
specific bus-master cards at 1988's Fall 
Comdex. Among them was a SCSI adapt- 
er card that could simultaneously control 
several SCSI hard disk drives. It was de- 
veloped by IBM to demonstrate the bene- 
fits of bus mastering. IBM also demon- 
strated Texas Instruments’ bus-master 
Token Ring adapter, which took over 
most network management duties from 
the CPU. IBM representatives claim that 
this technology lets the CPU in a PS/2 
operate at 70 percent to 75 percent effi- 
ciency, since it will not have to deal with 
network management chores. 
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lt is very important to note that there 
have been no formal announcements in 
the operating-system or applications soft- 
ware arenas with respect to support for 
bus masters. When available, this sup- 
port will provide greater increases in sys- 
tem performance than what is provided 
by hardware alone. 


The Road from Here 

As is typical in the microcomputer indus- 
try, O hardware technology is far 
ahead of available peripheral and soft- 
ware support. Lack of support has lim- 
ited immediate user demand for the new 
technology and has created a reluctance 
on the part of peripheral and software de- 
velopers to embrace the new [/O bus 
technologies. Despite this lack of imme- 
diate support, bus architecture and bus 
mastering have become important issues 
to people making microcomputer pur- 
chasing decisions. The reason is that I/O 
bus technology can greatly affect the 
longevity of the system you buy. 

The new bus technologies are a hard- 
ware foundation for the future. As pe- 
ripheral and software support for the 
new I/O architectures builds, the bene- 
fits of bus mastering and burst transfers 
will be apparent. Bus mastering provides 
a way to protect your investment in 
microcomputer technology while taking 
advantage of new technologies. In the 
short term, bus masters will first make a 
dent in networking, data acquisition, and 
graphics applications. In turn, these pio- 
neer products will sell more bus-master- 
ing machines, which will lead to the de- 
velopment of more high-performance 
bus-mastering products. With high-per- 
formance peripherals available to free up 
your CPU, you don't need to constantly 
upgrade to higher-performing CPUs to 
upgrade the overall performance of your 
system. 

Bus mastering is the wave of the future 
(see figure 2). Unlike the ISA bus, it will 
allow you to migrate to higher levels of 
performance without having to migrate 
to а new CPU. This will lengthen the us- 
able lifetime of your microcomputer, 
thus protecting your investment in to- 
day’s technology. 8 


Brian T. Anderson is the senior manager 
of channel marketing at AST Research, 
Inc. He earned a B.S. in computer sci- 
ence al the University of New Orleans. 
Marcy A. Puhnaty is the product man- 
ager of high-performance systems at AST 
Research, Inc. She has a B.S. in business 
administration from Duquesne Univer- 
sity. They can be reached on BIX c/o 
"editors. " 


Change is the enemy of procedural 
programming. Altering one aspect of a 
program can take weeks. And while you 
redesign, recode and retest, you spend huge 
sums of moncy, and sacrifice irretrievable 
marker appartunities. 

Unfortunately, change is inevitable, and 
survival depends on your abllity tu adapt. 
That's not just а erual law of nature. It's a hard 
fact af 

Ie time that — two, eribraced 
change. 

The time has come for Objectworks, 
the object-oriented development system 
from ParcPlace. 

Objectworks for Smalltalk-80 and 
Objectworks for C++ provide the tools to 
create and deliver programs designed to 
work in the fast-moving, ever-changing 
world of business. 

More and more companies are evolving to 
Objectworks for designing commercial 
applications. Because designing for the future 
means designing for change. 


Objectworks. 
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ParcPlace Systems 
1550 Plymouth Street 
Mountain View, CA 94043 


800-822-7880, In CA (415) 691-6700 


By its very nature, the world embraces change. 
By its very nature, conventional programming does not. 


Objectworks for Smailltalk-80, circle 199 Objectworks for C++, circle 200 
ParcPlace products are available on 80386 M5-DX25, Sun, Maciruosh, DECstation 3100, and HP-9000 Series 300. Smalkalk-40 and С - 
are trademarks of ParcPlace Systems, inc. All other brands are trademarks of their respective holders. 01989 ParcPlace Systema, Inc 
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If these images didn't catch your eye, 
then why are you reading this ad? 


Images that leap out at you, especially in a magazine like 
this, have to be powerful. And whether you need to pre- 
sent your business information more effectively or you 
want to expand into multi-media, you need strong visuals. 
Together with Truevision, you can develop that power for 
presentations, CAD, training, vídeo production and more. 
And its easier than you think. You can bring photo-realism 
and multi-media to your presentations by using a TARGA 
board with compatible software and peripherals from over 
200 companies. 


With a TARGA videographics board and your PC*, XT* 
or AT*-class machine, you can capture images in real- 
time from a vídeo source, merge them with other images 


Q TRUEVISION 


7340 Shadeland Station, Indianapolis, IN 46256 


TARGA® Videographics 
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or add text and graphs, even create stunning broadcast- 
quality animations, and then output the result to video, 
tape, slidas or paper prints. That's how to maximize your 
presentation efforts into multi-media. 


Truevision videagraphics cards are ready for you today. 
Contact us at 800/856-TRUE for more information, 

or visit your local Authorized Truevision Reseller for a 
demonstration. Well show vou how to visualize your data 
in a way that no one else can. 


INTERNATIONAL: Canada 416/499-9400 France 33-052-1365253 Italy 39-2-242-4551 Switzerland 41-1-825-0949 U.K. 44-1-891-0121 


West Germany 49-89-612-0010 Other 617- 
PC. XT and AT ars registered trademarks of Intemational Business Machines Corp. 


© 1989, Truevision Inc, 
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CLASH OF THE 


RAPHICS IITANS 


IBM and Texas Instruments present 


GA, thc latest graphics 
| standard for MS-DOS- 
and OS/2-based com- 
puters, offers 640- by 
480-pixel resolution and 
256 available colors. This is much better 
than earlier graphics standards, but users 
are already demanding higher resolution 
and more colorful graphics. 

This demand is due in part to the 
"more-is-more" mentality _ 
that has driven the computer 
industry, Part of it 15 the need 
for higher resolutions for spe- 
cialized applications like 
CAD and desktop publishing. 
However, much of the de- 
mand is due to the growing 
appeal of windowing inter- 
faces like Presentation Man- 
ager under OS/2 and Micro- 
soft Windows for MS-DOS. 
Although they can run on 
lower-resolution monitors, 
they look much better in high 
resolution. 

Making displays that are 
much more capable than YGA 
requires some fundamental 
changes 1n the way that MS- 
DOS and OS/2 graphics sys- 
tems work. Until now, the 
standard displays have been 
based on direct memory ac- 
cess, with rhe CPU doiug 
most of the work. A display 
was treated as an area of the 
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rival graphics standards 
Rick Cook 


computer's main memory, subject to ma- 
nipulation by the main processor. How- 

ever, this pets increasingly clumsy and 
time-consuming as resolution and the 
number of colors increase. 

It is possible to design an extended 
VGA board that can display 1024- by 
768-pixel resolution in interlaced mode. 
However, such a board couldn’t display 
more than 16 colors. More significant, it 


would be considerably slower than 
boards using graphics coprocessor chi Ips. 

For high-performance graphics, it 
makes more sense to off-load ms 
functions to a specialized 
processor, Graphics coprocessor j^ 
with resolutions beyond VGA have been 
available for some time. But since they 
have been expensive, they have generally 
been used only for applications demand- 
ing high resolution. Now, 

, the broader demand 
is pushing high-resolution 
graphics into main- 
stream. That, in turn, is pro- 
ducing a growing demand for 
a standard interface. 

This year, two major ap- 
proaches to a high-resolution 
graphics standard came to 
fruition. (For the purposes of 
this article, high resolution 
means anything beyond ex- 
tended УСА, which is 1024 
by 768 pixels.) Texas Instru- 
ments is supporting the Texas 
Instruments Graphics Archi- 
tecture (TIGA) as a standard 
imera betwocn computers 
using Intel microprocessors 
and graphics boards using its 
340x0 series of graphics co- 
processor chips. Western 
Digital, Headland Technol- 
ogies, and Chips & Technol- 
ogies are each pushing their 

continued 
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versions of the 8514/A graphics adapter, 
which was originated by IBM for the 
PS/2 series. 


A third possibility 15 a standard built ' 


around Intel's new 80860 graphics chip. 
However, although several companies 
are working on graphics boards using it, 
so far no one has tried to produce a stan- 
dard graphics interface for the 80860. 
Both would-be standards have a higher 
resolution than VGÀ. Both approach the 
“magic mcgapixel" mark ( 1024 Ьу 1024 


pixels, where display resolution begins to 
approach the limits of the human eye), 
and both offer many more colors and 
much more speed than VGA. How many 
more colors and how much more speed 
depend partly on the implernentation. 
Most of the time, both TIGA and the 
8514/A standard are intended to bc 
worked through sofrware interfaces 
rather than going directly to the hard- 
ware. However, TIGA is completely a 
software interface, while the third-party 


Space-Saver 
Keyboard 


the desk space used by equivalent stundard keyboards. Without loss of 


T he new microtype space-saver keyboard saves an amazing 60% of 


functionality or ability to touch type! 


microty pe is ideal for CAD 
systems, point-of sale, mobile or 
imbedded applications or anywhere the 
keyboard must compete for valuable 
desk or counter space. 

Space is saved by compressing rows 
(not columns) and eliminating wide 
borders. Re-arranging and elevating the 
function key clusters also saves space 
while improving accessibility with 
reduced eyescan and head movement. 
Keys have full travel with a tight tachilly 
responsive tauch. All standard features 
such as auto-repeat, caps, num and scroli 
lock are inctuded on the microtype. 

The microtype works with mast 
PC, XT, AT and 386 IBM compatibles. 
ІВМ PS/2's require an adapter. 
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Year Warranty. - Guarantee—Full 
Refund if Returned in 15 Days! - OEM's 
and Volume Purchases —Call for 

special terms. 

Order Toll Pree 300-782-7177 or FAX 
703-435-1837 Hours Man.-Fri. 8am-5pm EST 


Microtype Spac 
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UPS shipment by ground 
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9.00 
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Overnight 19.00 
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8514/A companies are making their 
products register-compatible with the 
[BM version so that programmers can ро 
directly to the hardware if that's what 
they want to do. 

Except for IBM's 8514/A card, no sys- 
tem using either standard is available yet. 
Western Digital announced ite version of 
the 8514/A in carly Junc, and TI started 
shipping version 1.1 of TIGA about the 
same timc. 

Both the 8514/А and TIGA have long 
lists of announced supporters. Over the 
next year, expect to be deluged with an- 
nouncements for TIGA- and 8514/A- 
based graphics boards. Already the war 
of words has started between the two 
camps, as each side tries to influence 
users and software developers. 


Graphics Platforms 

Although TIGA provides a path to high- 
er-resolution graphics, as is true with the 
8514/А, the two quasi standards are 
quite different in design, intention, and 
implementation. IBM designed the 
8514/A to be a closed hardware product 
and has never published the hardware 
specifications. TIGA is designed as an 
open software standard. TI is actively 
promoting it and is selling software de- 
velopment kits to help get TIGA-compat- 
ible products out into the market. 

Both TIGA and the 8514/A are in- 
tended as software standards, but the 
third-party manufacturers of 8514/A 
chip seis expect that at least some soft- 
ware developers will want to go directly 
tû the hardware. Thus, they are con- 
cerned about maintaining register-level 
compatibility with the 8514/A. TIGA 
was developed so that programmers 
would never have to go to the hardware. 

The purposes behind the standards are 
different as well. IBM wanted a reason- 
ably priced high-resolution graphics sys- 
tem for its PS/2 computers, and other 
manufacturers want to offer 8514/A- 
compatible graphics. IBM has the market 
power to establish a de facto standard. 

None of the manufacturers of 34010 
graphics boards has that kind of market 
muscle. Left to their own devices, they 
have all offered boards with different in- 
terfaces, complicating life for software 
developers and programmers and bury- 
ing users in different drivers, 


TIGA 

TIGA is an attempt to bring order to the 

situation by standardizing the software 

interface. Many companies are already 

offering graphics cards using TI's 34010 

coprocessor. However, their interfaces 
continued 


System Architect, 
a new standard for CASE - 
паласы. DICE and pe rformance. 


PERFORMANCE 


Multiple Methodology Support. Data Flow - DeMarco/Yourdon, Gane & Sarson 
and Ward & Mellor(real-time); Structure Charts; Entity Relation Diagrams; 
Decomposition Diagrams; Object Oriented Design(optional); State Transition Diagrams; 
Flow Charts; Presentation Annotation. 


Data Dictionary/Encyclopedia. Comprehensive Data Dictionary/Encyclopedia 
integrated with diagraming capabilities of the package; Open architecture with dBase Il] 


Plus™ file formats (dBase IH Plus пос required). 
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Microsoft® Windows. A user friendly standard interface, in a windowed mouse driven 
environment with drop down menus and pop up windows. (Chosen by IBM to be the basis 
for the OS/2 User Interface). 


Network Version. Available with complete record and diagram locking: Novell; 
StarLAN; 3Com and others. 
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Context Sensitive Help 


PRICE 


$1395 for first copy; volume discounts to $895 for 51st copy. 
30 day money back guarantee. 


System Configuration: IBM* РСУ and compatibles, Microsoft® Windows, 640K 
main memory, 10 MB Hard Disk recommended. Micrasoft Windows compatible input/ 
output devices. 


POPKIN " Prospect St., Suite 505 


SOFTWARE & SYSTEMS Stamford, CT 06901 
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Only our CAT can read. 


Introducing the CAT Reader OCR for Hand Scanners. - 


Now theres an OCR for your PC that allows you fast, accurate conversion of 


scanned text for only $295.00. The CAT Reader is pre-trained, as well as fully trainable, 
to read virtually any font (monspaced, proportional, typeset} And can automatically 
es while reading text at 200 dpi. You can 


dat 


pull spit columnar scans into complete 
even mask out unwanted graphics, The CAT Reader supports Complete 
PC, Logitech, Mitsubishi, Niscan and more. To direct order, or for more 
information, call 214-631-6688 or Fax 214-631-4059 (Visa, M/C or 


AmEx) A frisky OCR at a finicky price. 
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Computer Aided Technalogy, Inc. 
7411 Hines Place, Sate 212, Dallas, Texas 75235 


NOW!! A high speed stand alone copier 
for 54% and 3! inch diskettes 
duplicates virtually any format 


When your requirements call 
for unattended, lugh speed du- 
ication of virtually any 5¥4 ar 
V: meh diskette, Victory's 
Stamd- Alone. V3200 Duplicator 
is what vou need, The reliable, 
Чир aaa э са) lor 
both e and mdustnal war, 


The V3200 features: 

~ Simple push-button operation 

ғ Swi le 3V» and 5 mch 
copy drives 

* Support for most formats m- 
cluding ІВМ, Apple, Amiga. 
and Atari 

. сору speed up to 250 
disks/hour —— 

e Batch Processing uiulupie 
obs with different formats 

a исип statistics display 

* Exceptional copy quality 
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Top quality copying 

Victory Duplicators actually 
improve the quality of eos 
during duplication. The V 3200 
validates the integrity of each 
master disk and verifies copies 
bit for bit to ensure quality 
The system automatically 
ports copied disks mto an ac- 
сери or reject output canister. 


Do-it-yourself service 
Victory systems have built in 
diagnostics 10 test and mairi- 
tam ihe system. A preventive 
maintenance indicator alerts 
you at regular intervals to 
check drive alignmen: and 
clean drive сойо ucing utili 
ties Included with the System, 


The modular design of the 
¥3200 and Victory’s overnight 
shipment of replacement parts 


with a four month 
warranty. 


Call (800) 421-0103. 
And ask about Victory's Гати} 
ol affordable Autoloaders. 
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VICTORY 
ENTERPRISES 
Technology, Inc. 


Victory Plaza 

1011 E. SO Street 

Austin, TX 78751-1728 

(5 L2) 4560-0801 

in Curope call RFT. Paris (33-1) 45330017. 
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Loadpiam-Auscralus 104-3) 325 Wet 


SEE US AT COMDEX/FALL #97712 


& Y T E IBM Special Edition 


Circle 260 on Reader Service Card 


CLASH OF THE 
GRAPHICS TITANS 


to applications have little in common. 
Software companies that wanted to sup- 
port the 34010 had to offer different 
drivers for nearly every card. In April TI 
took a hand and announced TIGA as a 
way of eliminating the differences. 

TIGA is a software interface. Its pur- 
pose is to establish a standard interface 
between applications and system soft- 
ware on one hand and the 340x0-based 
graphics cards on the other. 

The 34010 and 34020 are fast, power- 
ful 32-bit graphics coprocessors that owe 
a good dcal in design and philosophy to 
TI's 320x0 line of digital signal process- 
ing chips. Unlike the 8514/A, which 
takes a minimalist approach to providing 


| additional graphics functionality, the 


340x0 chips are full-blown microproces- 
sors with a powerful set of hardware in- 
structions for graphics operations. 

The 34010 has 15 general-purpose 
registers, a 256-byte instruction cache, a 
32-bit ALU, a barrel shifter, 32-bit inter- 
na] data paths, and 16-bit I/O. Like the 
TI digital signal processors, the 34010 
uses a Harvard architecture, with mem- 
ory access and instruction execution 
done in parallel to increase speed. The 
34020 is an advanced version that has 32- 
bit I/O and other added features. 

In addition to its general-purpose fea- 
tures, the 34010 has special features for 
handling graphics, including program- 
mable CRT control and a direct interface 
to DRAM and video RAM, or VRAM 
(dual-ported memory that can be read 
and written essentially simultaneously). 


TIGA Primitives 

TIGA is a full-fledged programming 
language With nearly 150 functions and 
primitives, The primitives come in three 
flavors: core primitives, which are al- 
ways available; extended primitives, 
which are kept in libraries and loaded at 
initialization if the program needs them: 
and user-extended primitives, which are 
written by the programmer and kept in li- 
braries like extended primitives. Func- 
tionally, there ts no difference between 
extended and user-extended primitives, 
and ТІ says there is no difference in over- 


| head or speed. 


Generally, the core primitives are 
concerned with basic environment ma- 
nipulation (e.g., screen clears, return 
foreground and background colors, and 
set cursor shape). Most of the drawing 
commands, like draw line, and the 
functions, like BitBlt (a block pixel 
move), are extended primitives to facili- 
tate replacing them with custom routines 
if the programmer desires. 

Although TIGA is tied to the 340x0 


family of coprocessors, it is independent 
of screen resolution, number of colors. 
and graphics constraints. Intended as a 
gcncral-purposc interface, it readily 
adapts to new graphics equipment end 


new 340x0 coprocessors. 


The Structure of TIGA 

TIGA comes in three parts: the Applica- 
tion [nterface (AT), the Communications 
Driver (CD), and the Graphics Manager 
(GM). 

The АІ consists of header files and а 
library that the application uses at com- 
pile and link time. It is the responsibility 
of the applications programmer to pro- 
vide the AI, which is written using the 
TIGA primitives. TI sells a driver devel- 
oper's kit for direct access to the stan- 
dard TIGA environment and a software 
developer's kit for writing downloadable 
extensions to TIGA, including extended 
primitives. 

The AI connects to the CD, a TSR pro- 
gram. This runs on the host PC and is 
specific to the graphics board. The CD 
takes function calls from the AI and 
passes information back and forth be- 
tween the board and the host. 

The CD in turn communicates with 
the GM on the 34010 board. Like the 
CD, the GM is specific to each graphics 
card and is supplied by the card's manuy- 
facturer. TI has a software development 
kit for hardware manufacturers who 
want to make their products TIGA-com- 
patible. The GM includes a command ex- 
ecutive that handles the board side of 
communications, the library of core 
primitives, and the extended and user- 
extended primitives downloaded at 
initialization. 


Programming with TIGA 

Although graphics functions can be writ- 
ten directly on TIGA, the simplest ap- 
proach is to write the routines as part of 
the program on the host and then extract 
them and port them to TIGA. Since the C 
compiler for TIGA, GSP (for graphics 
systems processor) C (part of the soft- 
ware kit from TT), is Microsoft C-com- 
patible, this is a straightforward process. 

When writing for TIGA, a program- 
mer will probably want to exploit the in- 
herent parallelism of a TIGA system to 
get more speed. This means designing 
the code so the graphics card can work as 
much as possible without referring back 
to the host. 

To get more speed, TIGA provides two 
ways to pass parameters from the host 
computer to che graphics board. The sim- 
piest and most flexible method is to use 
C-packet functions. (These are not to be 
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4 nless they 
are cloning an industry standard, like 
VGA, board manufacturers don’t 
want to stick slavishly to a model. 
They want to add features that will 
make their products work better. 


confused with the C programming lan- 
guage; in this case, C refers to a stack.) 
Parameters for C-packet functions are 
received on the host side and passed to 
the communications buffer in the graph- 
ics card’s memory by the CD. From 
there, the parameters are pushed onto the 
processor’s stack. The function behaves 
as if it were invoked local to the host. 

To make this work, the GM must 
understand the function's arguments. In 
C-packet mode, each argument is a sepa- 
rate packet with its own header. To make 
writing headers easier, the TIGA.H in- 
clude file contains extra defines to repre- 
sent the different data types. 

The general format of a C-packet 
function is as follows: 


ENTRY. POINT NAME (CMD ID " 
numpackets, packetl,..., packetn} 


The entry point is one of three entry 
points, depending on tlie type of function 
call made by the function, One entry 
point is for functions that do not require 
return data, one is for functions that do 
return data, and one is for functions that 
pass pointers to data that is modified in- 
directly by the function. CMD ID identi- 
fies the function, the number of packets 
tells the GM the number and kind of 
packets, and, finally, the packets them- 
selves arrive. 

A function to fill a rectangle would be 


fdefinefi11reot(w, h, x, y) 

ep_omd (USER, CP (CMD ID), 

4,WORD(w) , WORD(n) , WORD( x2, 
WORD(y) 


where op. emd is опе of the entry points, 
the function's command number is 
stored in CMD ID, and the function has 
four arguments, all WORD. 

C-packet mode is simple and flexible, 
but it carries overhead associated with 
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formatting the packets and pushing the 
information onto the stack. The other pa- 
rameter-passing mode, direct mode, 
avoids this overhead. 

Direct mode is faster but a little more 
complicated to write. The raw data is 
simply fed into the communications buf- 
fer in GSP memory on the graphics card. 
The only thing placed on the stack is a 
parameter that is a pointer to the place 
where the data is stored in the communi- 
cations buffer. The function must get the 
data from the buffer in the format it 
expects. 

In direct mode, the length of the pa- 
rameter list is expressed in 16-bit words. 
The entry point used determines the for- 
mat that the parameters can be specified 
in and how these parameters will be re- 
ceived by the communications buffer. 

For example, the most common di- 
rect-mode entry point is dm_emd, re- 
ferred to as the standard command entry 
point. A typical function using this entry 
point is the TIGA core primitive called 
poke_breg, which sends a 16-bit register 
mmber and a 32-bit value to be loaded 
into the register: 


#define poke_breg (regno, value) 
dm cmd (POKE_S8REC, 3, {short} 
(regno), (long) (value); 


The length is 3 because the parameter 
valus is 32 bits (1.e., two words). To in- 
voke the primitive, a parameter data. 
ptr would be placed on the stack to point 
to the location of the first parameter 
regno. 

TI expects that most functions will use 
the C-packet mode. Only time-critical 
functions will use direct mode, and they 
will probably be written as C-packet 
functions initially and modified later. 1n 
addition to being easier to write, C- 
packet functions are safer. There is no 

continued 
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Playing the Benchmark Game 


f you're reading this expecting to 

find tables of numbers showing you 
conclusively which standard is the fast- 
est, you're out of luck, There are some 
very good reasons for this, not the least 
of which is that it is physically impossi- 
ble to do comparative benchmarks as 
this is written. 

Although the 8514/A has been avail- 
able from [BM for two years, none of 
the third-party chip makers are selling 
chips at this time. Western Digital an- 
nounced its first chip set in early June; 
Headland Technology was expected to 
have its first chips by the fall. 

Since both companies claim that their 
implementations will be faster than the 
IBM version, what is available now isn't 
representative of what is supposed to be 
the best performance for the 8514/A. 
Nor are TIGA boards released products. 
Texas Instruments has a developer's kit 
for its own 34010 board, but it didn't 
start shipping version 1.1 of TIGA until 
early June. No one is marketing a TIGA 
board for end users yet. 

Ali this may have changed by the 
tirne you read this, but as of now, there 
is no way to compare the developed 
commercial versions of either standard. 
In any event, it would be difficult to 
come up with a fair benchmark for two 
such different products. Not only are 
the architectures, instruction seis, and 
design philosophies of the 34010 and 
the 8514/A completely different, but 
TIGA is explicitly a software standard 


size checking with the fastest form of di- 
rect mode, and it is easy to overflow the 
buffers. Better to get everything right in 
C-packet mode First. 


Inherent Extensibility 

One of the advantages claimed for TIGA 
is an assured growth path. TIGA is not 
inherently limited in screen resolution, 
number of colors, or the coprocessor it 
uses. Already, TI has introduced the 
34020, which is roughly five times as 
powerful as the 34010 and also TIGA- 
compatible. 

Anyone trying to establish a standard 
software graphics interface has two 
major problems: one with software de- 
velopers and one with hardware manu- 
facturers. The problem with software 
companies is speed. A graphics interface 
has to be extremely fast or applications 
developers wilt bypass it, even at the ex- 
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(and extensihie їп hont). while the 
&514/A is a rigid tramiware standard. 

None of this has stopped Western 
Digital and TI from engaging in a batile 
of benchmarks over the merits of their 
approaches. On the basis of raw com- 
puting power, the 34010 probably gets 
the edge. It rates at about 1.2 million in- 
structions per second compared to about 
1 MIPS for the 8514/A. However, 
MIPS don’t even begin to tell the whole 
story on something as specialized as a 
graphics coprocessor. 

Western Digital claims that the IBM 
8514/A is significantly faster than the 
34010 and that its version will be faster 
yet. It has released a series of six bench- 
marks showing the 8514/A running 
much faster than the 34010. The bench- 
marks include line drawing and filling a 
polygon. In five of the six (the exception 
is the polygon fill), the 8514/A comes out 
ahead. Western Digital attributes this to 
the superior design of the 8514/A, espe- 
cially a much better blitter. 

Needless to say, T] isn't impressed. И 
claims tbat five of the six benchmarks 
were chosen to show the strengths of the 
8514/A and ignore the chip set's major 
weaknesses. For example, none of the 
benchmarks involved drawing a curved 
line, since the 8514/A doesn’t have a 
curved-line primitive. 

Curved lines are immaterial, says 
Western Digital, since the time it takes 
to draw the vectors that make up the 
curves overshadows the time that it 


pense of writing their own drivers for 
specific cards. 

The problem with hardware manufac- 
turers is market differentiation. Unless 
they are cloning an industry standard, 
like YGA, board manufacturers don't 
want to stick slavishly to a model. They 
want to add features that they think wil] 
make their products work better and 
faster, (Actually, even when cloning à 
standard, board makers like to provide 
extras. Most EGA and VGA cards offer 
features that aren't found on the IBM 
products.) The manufacturers want a 
way Lo add features in spite of the stan- 
dard interface. 

TIGA addresses the desire for extras 
by providing an extensible command set. 
Manufacturers or users with a TIGA de- 
velopment kit can write extensions using 
a compatible C compiler or assembier 
package and link the extensions into the 


Fall 1989 = BYTE IBM Special Edition 


takes to sct up tho curves. 

The real test, TI claims, comes with 
real-world applications. TI points to its 
AutoCAD driver, which it claims gives 
superior performance over AutoCAD 
on the 8514/A. Western Digital's 
8514/A AutoCAD driver is no faster 
than VGA, says ТІ, 

Headland Technology comes back 
with its Windows driver, claiming it 
gives better performance with Windows 
than any other driver. 

Beyond all that, TT points to its latest 
graphics chip, the 34020, which is 
about five times as powerful as the 
34010 and is still TIGA-compatible. 
The у says that 34020 boards 
will run 12 to 25 times faster on redraws 
than the 8514/A. The 8514/A backers 
dismiss that as overkill, and much too 
expensive for the business and general 
markets to boot. Besides, TI says, there 
will be faster versions of the 8514/A in 
the future. 

In the long run, it is probably true 
that the important thing for most users, 
at least most business users, is how well 
the systems perform on applications, es- 
pecially when running under OS/2 or 
Windows. However, that will depend 
very strongly on the quality of the appli- 
cation drivers written for each standard. 

In another six months or a year, il 
should be possible for third parties to 
make meaningful performance com- 
parisons between the standards. For 
now, it isn’t. 


TIGA libraries. For that matter, applica- 
tions programmers can write new com- 
mands and link them into TIGA. 

Speed is a more difficult problem. Т1 
has spent a lot of time optimizing the 
primitives and interfaces to make TIGA 
work as quickly as possibie. 

By adding extended primitives, you 
can optimize TIGA for particular appli- 
cations. TI used a set of extended primi- 
tives to write its Windows driver, for ex- 
ample, and this is part of the reason why 
it 15 so fast. 

Source code for the libraries is avail- 
able from TI. A programmer who wants 
a special function to speed up a particu- 
lar job can study the functions in the li- 
braries and use the information to adapt 
them or to write a completely new one. 

Another way to get speed with a 
graphics coprocessor is by exploiting the 
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NEW FROM FERISCORB, 


U ser Jett Garbers, Crosstalk 
Conununications Director of 
Software Development, has been 
debugging with Periscope*. Modei 
IV and savs, "The hardware 
really makes Periscope shine, 
especially when vou ve got 
frining-relaied problems. I can 
now track down changing | 
pointers and altered buffers on 
my 386. I've been using if fo 
debug Crosstalb* Mk. 4 and 
there's just no betler way te do 
IE" 

Periscope IV gives you the ability 
to debug time-sensitive programs, 
hardware-interrupt routines, and pro- 
grams with intermittent errors. You can 
run your program at full speed while 
tracking down unwanted memory 
overwrites. You can use the information 
captured in Periscope IV's real-time 
trace buffer to see EXACTLY what the 
system is doing, and to improve its 
performance. | 


Реген 
manual, disk. 
quickerefeienee 
card. and 512K 
Plus board tha: 
prnides write- 
protected RAM 
for Periscope 
Models f, IH, —_ 
and 1%. 


our ebugging needs, 
| а sing e call to the Periscope 
Company | has always 


Сутра Ы» with virtually any 1y 286 or Or 386 wifh an ATstyle bus, Periscope Г IV 
works on machines running up to 25MHz with any number of wait states. 
Because it gets information directly from the CPU, instead of from the system 
bus, Model IV is not sensitive to bus compatibility issues. 

Periscope IV collects CPU information in its hardware trace buffer while 
the CPU runs at full speed. Whether you tell Periscope IV to capture just 
selected information or to capture everything. you can use its powerful trace 
buffer commands to search for and display the execution history the way you 
need to see it. And you can use the CPU cycle count information to get the last 
bit of performance out of your code. 

With Periscope IV you can set hardware breakpoints on memory accesses 
(within the first 16MB), I/O ports, and data. You can also set breakpoints on 
the occurrence of specific sequences of events, such as "watch for the routine 
FOO to begin executing, then while it is, watch for the variable BAR to be 
written.’ This capability, called sequential triggering, enables you to define 
complex conditions, then stop your program and examine what has happened 
when these conditions occur. 

If you're developing a large application that needs all of the lower 640K, you 
can use the optional Plus board to keep Periscope totally out of normal DOS 
memory. The Plus board requires the use of a second slot. 

The Periscope IV software is an extension of the software that comes with 
all models of Periscope. So, along with Periscope [V's powerful hardware, you 
get a full-function software debugger with source and symbol support for most 
popular PC compilers and linkers, Microsoft® Windows support, PLINK 
overlay support, dual monitor support, support for debugging device drivers 
and TSRs as weil as regular programs, DOS independence, crash recovery, 


| ease-of-use, and much more. 


Prices on Periscope range from $145 for software-only Model II-X to $2,995 
for a 25MHz 386 hardware-assisted Model IV. Call 800/722-7006 for pricing 
details, free information, to talk about your debugging needs, or to order your 
Periscope. : 


\ Order Your Periscope, Toll-Free, 
= Today! 800-722-7006 


MAJOR CREDIT CARDS AND QUALIFIED 
COMPANY PURCHASE ORDERS ACCEPTED 


The 


1197 PEACHTREE ST. 
PLAZA LEVEL 
ATLANTA, GA 30361 


Periscope 


B ва reeubery 404/875-8080 
НСАУ Company. Inc. 


FAX 404/872-1973 
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inherent parallelism of the system. With 
careful programming, TIGA offers an 
opportunity for processing graphics 
commands in paraliel. The CPU сап 
start a graphies process through TIGA 
and work оп other things until the pro- 
cess is finished. 


The 8514/4 
The third-party manufacturers” ap- 
proach to cloning the 8514/A is similar 
to what they did with VGA, EGA, and 
other earlier [BM graphics standards. 
They are attempting to leverage off 
IBM's market power and at the same 
time standardize their hardware at the 
register level while providing compatible 
extensions to enhance their products. Al- 
ready, VESA (for Video Electronics 
Standards Association) bas a subcommit- 
tee working on an 8514/A standard. 

Among IBM graphics products, the 
8514ЈА is in a class by itself. It has not 
evolved from any other [BM graphics 
standard, as VGA was developed from 
EGA, nor is it back ward-compatible with 
any of ther. 

In the IBM implementation, there isn't 
any reason for the 8514/4 to be compat- 


All Systems Include: 


« Compact Caso 17 w x 725" h x 14 
e § Expansion Slots, 5 Full Length Free 
e 5 Drive Shots, 3 free 

* Teac 1.2 or 1.4 Meg Floppy (add $95 for both) 


= Trident VGA Card, 100% register compatible, up to 1024x758 


* Keytronics 101 Kev US Made Keyboard 
» 2 Serial Ports, 1 Parallel Port, 1 Game Port 


« Seagate 40 Meg 28 ms MFM (ST-251-1) Hard Disk 


e MS-DOS 33 ог 4.01 with Manuals 
Monitor Upgrades 
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ible. The 8514/A is a PS/2 product, and 
the PS/2 series has VGA on the mother- 
board. In the PS/2s, the 8514/A adapter 
sits on the video bus and does nothing 
when VGA is active. IBM Пах mot re- 
leased a version to run on the AT bus and 
probably never will. The 8514/A is in- 
tended only for the PS/2 series. 

Further, IBM broke tradition and did 
not release the hardware specification for 
the 8514/A. Instead, programmers are 
supposed to use function calls to the ap- 
plications interface. This means that 
IBM is not committed to maintaining 
hardware or register campatibility in fu- 
ture products that use the AT. 

One result is that cloning the 8514/A is 
harder than it was for VGA. It has taken 
more than two years from the announce- 
ment of the ІВМ product to the first reg- 
ister-compatible chip sets. (The 8514/A 
was announced in April 1987 and started 
shipping in July 1987.) The 8514/A in- 
volved much more reverse engineering 
because of less initial information. 


8514/A Architecture 
Physically, the 8514/4 is a VLSI two- 
chip set consisting of a master chip (the 


pixel address manager chip) and a pixel 
chip (the ма, data manager chip). 
(Chips & nologies’ implementation 
is all on one chip.) 

The mastcr chip contain» tho interface 
ta the PC bus, the display controiler, and 
the graphics processor. The pixel chip 
does the data manipulations on pixcls 
needed to produce the images. 

The display controller synchronizes 
signals to the display, like the horizontal 
and vertical sync signals. lt also me 
ates addresses for transfer cycles 
serialized portion of display memory and 
the interface control, if one is used. The 
display controller also refreshes the dis- 
play memory. | 

The graphics processor is the most in- 
teresting part of the master chip from the 
programmer's standpoint. It does most 
of the work in creating graphics. Among 
other things, it generates coordinate ad- 
dresses, draws lines, copies rectangles to 
and from anywhere in display memory. 
and transfers host data. 

The pixel processor has a more limited 
job. It handles the manipulations of 
pixels in display memory. It can perform 
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BITWISE COMPUTERS - MORE 


THAN JUST A PRETTY FACE 


Model 212M 


12 Mhz 80286 
| Meg 0 Wait 
Monochrome 


VGA color 


$1,895 


Modal 212 


12 Mhz 80286 
1 Meg 0 Wait 


Model 333 


33 Mhz 80386 
4 Megs Cache 
VGA color 


$4,895 


Model 325 


25 Mhz 80386 
4 Megs interleaved 
VGA color 


$3,195 


Prices are for complete systems, including Comptuer Monitor Keyboard, Hard 
Disk, DOS, Documentation, and 1 Year Warranty. Call for Plasma Portable info! 


Bitwise — Building and servici 
we sed! Shipping -- You pay 
Full 1 Year Parts & Labor Warranty, 


1-800-367-5906 
918-274-0755 
Fax 518-274-0764 


Bitwise Designs inc. 


PCs since 1985. Questions? Call Us! we understand what 
Sivaping Charges only, FOB. Troy, NY, no surcharges, 


back guaranties. These ara cash or 


30-дау money 
check in advance prices, VISA, MC, DISCOVER, welcomed (296 ee gp С COD, add 
1596. Personal Financing and Corporate Leasing and Quantity Discounts Available 


Cali for Monitor Upgrades up to 1024x786 
Hard Disk Upgrades 
Cail for Hard Disk Upgrades - 66 to 157 Megs! 


701 River St. 


Toy, NY 12180-1233 


DESIGNS, INC. 
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KAYPRO XT 
$549 


Base System with Single Floppy, No Video 
True .31 Dot Pitch 


(су 
Disk Drive |14* Flat 
Options Mono | VGA —VGAPtus 


(Ола Poppies | 809 | 1399 | 1500 | 


тш” (ow | 
| single tloppy 


30 MB Hard Drive. 
single floppy 


| | КАҮРКО 286/12 


$999 


Base System with Single 1.2MB. Floppy, No Video 


Prices, terms, and specifications subject to chan 
"Each Kaypro computer is shipped with DR 


Sure Т т [юлт [mew 


| КАҮРКО COMPUTERS 
Rugged, Reliable, Reputable 


All Kaypro computers 
feature: 


* A rugged, American-built 
chassis with vinyl-clad case 
* A reliable, one-year limited 
warranty 
* A reputation of 37 years in 
aerospace electronics; 8 years 
in the computer business 


$1399 


Ваве System with Single 1.2MB Floppy, No Video 


286/16 canoe | 
Disk Oriv - Fiat 


Ex —— pana [a 
эреми. jargo Өш | wie NAE 


[-— onner [тке Tt ay 101 Key Cr Key 


Ask about Kaypro's full line of high- 
performance microcomputers, including 
the new 80386, 33 MHz machine. 


30-Day Money-Back Guarantee 
CALL TOLL-FREE 


1-800-289-9899 


FAX: 619-481-4369 
Phone: 619-481-4302 


Hours: Mon. - Fri.. 8:00 a.m. - 4:30 p.m. PS T. 
Payment: MasterCard, Visa, ar Cashier's Check 


KAYPRO 386/20 


preferred. Terms available on approved credit 
Shipping and Handling: Within U.5.A., 39 
minimum for UPS Ground. Call for shipping $2299 

Base System with Single 1 248 Floppy, Mo Video 


charges with alternate carriers, 


Sales Tax: California residents, add 7%. 
Video Options 


(includes mori & video adapters | | 


14° Flat | True .31 Det Pitch 
Meno | УЗА VGA Pius 
DDE 


Dealer and Corporate Inquines Welcome 


533 Stevens Avenue 
Solana Beach, CA 92075 
without neice. 
34 by Digital Research, inc., an MS DOS - compatible operating system that runs up to 25% faster 


Peele PES ae Bande Cnet Mae SME Г CGC. ТЕЗ 


| omens ик by using a second ирбис Key Tag. 
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16 logical and 16 arithmetic functions on 
combinations of source and destination 
pixels. It has iwọ color registers for 
across-plane pixel processing. and eight 
culor-comparc functions ro allow the se 
lection of only certain pixels for process- 
ing. It also has read and write masks to 
limit processing to given display planes. 

Another important feature of the pixel 
processor is the barrel shifter. This lets 
the chip do very fast alignments of 
source pixels during block copy opera- 
tions and helps explain the 8514/A's 
speed on BitBlt. 

In addition to the two chips, the 
8514/A board includes display memory 
(usually 1 megabyte of УКАМ), a pixel 
serializer chip, and a RAMDAC (for 
RAM D/A converter), as well as power- 
on self-test ROM. The pixel serializer 
takes the byte-at-a-time data from the 
display memory and converts it into a 
stream of bits. The RAMDAC (an IN- 
MOS IMS171 or compatible) converts 
the digital pixel information received 
from the serializer into the analog RGB 
signals needed by the 8514/A monitor. 


Programming the 8514/4 

Unlike the 340x0, the 8514/4 15 not a 
general-purpose graphics processor. It is 
not so much programmable as command- 
able (i.¢., it doesn't have facilities for 
stored programming on the board), and 
its command set is both simple and not 
extensible. 

The commands do more-complex jobs 
than they do with VGA. With VGA, a 
command essentially alters the state of 
the graphics system. The 8514/A does 


more with a single command, but the 
process is more like loading commands 
into a queue than programming a micro- 
processor. One of the jobs of the PC bus 
interface on the master chip is fo main- 
tain the command queue, including 
knowing when the queue is full. 

Purther, IBM expects programmers to 
use the Al with the 8514/A. This is a 
function-call system using a TSR pro- 
gram called HDILOAD.EXE to access 
the graphics board. 

In contrast, register programming is 
done through I/O ports, with each regis- 
ter treated as an I/O port at a specific 
memory location. Most of the 56 regis- 
ters in the 8514/A set are word registers. 
The exception is the palette registers, 
which are all byte registers. 

Each major component of the 8514/4 
chip set (i.e., graphics processor, display 
controller, and pixel processor) has its 
associated set of registers. For example, 
the pixel processor registers include the 
background color register, foreground 
color register, write mask register, read 
mask register, color compare register, 
background mix register, foreground 
mix register, short stroke vector transfer 
register, and pixel data transfer register. 
A number of these, like the display con- 
troller registers, are write-only. 

In one sense, it is much simpler to 
program the 8514/A than to program a 
TIGA board. You ase the appropriate 
function calls (under the AJ) or place the 
appropriate values in the registers. In 
either case, the command set is sparse 
compared to that of TIGA. There is less 
to remember and deal with. 


But writing useful programs with the 
85]4/À isn't necessarily simple. Even 
with the AT, the programiner has to dcal 
with the 8514/A on a very basic level. 
Because the functions are limited, the 
programmer may have to spend more 
time figuring out how to make some- 
thing happen. One 8514/A proponent 
compares programming the card to pro- 
gramming a plotter. 

For example, to perform a BitBlt, the 
program first executes a command tell- 
ing the 8514/A what kind of transfer is 
required (e.g., host to display or display 
to host). A second command gives the 
address to be read from or written to. 


Third-Party Enhancements 

Both Western Digital and Headland 
Technology have announced their own 
8514/A chip sets, which are compatible 
right down to the register level. Like the 
many third-party VGA boards, these 
chip sets are designed to go beyond IBM 
by offering more features and better per- 
formance. 

Western Digital calls ns chip set the 
Personal Workstation Graphics Array 1. 
It includes a number of features not 
found on the 8514/A, including the abil- 
ity to support interlaced and noninter- 
laced monitors with a maximum resolu- 
tion of 1280 by 1024 pixels. The clock 
speed of the chip set is 60 MHz, 30 per- 
cent faster than the [BM version, so it 
speeds up operations like BitBlt and reci- 
angle fill. The PWGA I aiso has a shorter 
memory-transfer time, which further 
speeds up operations. 
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World Class Software Security WEA 


Secure software and data with reliable, effective 
protection products that won't burden honest users. 


Glenco is à world leader in the area of software security products and 
services. Our copy protection products and data security products are second 
to none, They are designed w function on а wide variety of third party 
hardware. We have over 3300 satisfied software firms utilizing our products. 
We also have a full line of disk based protection systems. 


Parallel Port Interface (PPD 


The paralie! port interface (PPT) connects between the printer pon on а PC and фе 


* MACHINES SUPPORTED - [BM 
PC/XT/AT & PS/2, Macinioch 

« OPERATING SYSTEMS - MS-DOS, 
XENIX, Network, Finder, & Multifinder. 


printer cable. The PFI holds two Key Tage, one og each aide. Each Key Tag contains 
a secure custom chip which i rammed by Gienco to only work with the 


prep 
кийре вайма. А «осой fe E cm с нал Fe арен aule 
package, or may be used ro turn other software packages "on", remotely or on-site. 


+ READ/WRITE KEY TAG ~ Мин 
programmable memory. Perfect for companies 
which hawe сваре prodacts o в prodao with 
several optional modwies. By having severe! 
Pattee protected using ome Koy Tag. pour 
CONG. are очков. 

+ DURATION KEY ТАО ~ Нак » clock са 
board. (Алай Ine "E9) 


* STANDARD KEY TAG - Softwar ùi 
protected for an ишш nomber of 
схосміотм, They arc pre-programmed ts 
include a sequentially змі S/N. 

» COUPON KEY TAG - Software ix valid for 
а preset manbes of carcutions. The Coupon 
count can be rese remotely of on the cus- 
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Call ar write for more information. 


* LANGUAGES/COMPILER - Over 50, 
including runtime packages, data bases and 
speed sheets. We lune n non-programmers 
пег асе as well. 


GLENCO 
ENGINEERING INC. 


SERVING THE SOFTWARE INDUSTRY SINCE 1979 


721 W Algonquin Road, Arfingmn His, tL 60004, (312) 364-7838, FAX 364-7858 
In Europe coniact: SDC Security Systems, The Netherlands 


Tel: «31-45-441535, FAX: 431-15-444747 
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The average business person wastes 
5 to 7* hours each week on the tae- 
phone. That's over 9 weeks a year of 
wasted time and profits. That's why you 
need Watson. 


What Is Watson? 


It's the $249 hardware and software 
system that turns your PC and tele- 
phone into an intelligent communica- 
tions system that outperforms voice 
messaging systems costing thousands 
of dollars more. 


Why Watson? 

Because Watson invented the category 
of PC voice mail, Because PC Magazine 
selected Watson Version 1 as "Editor's 
Choice for Product of the Year in 1984," 


Because Watson Version 6,23 is a Hayes- 


compatible modem (1200 or 2400 BPS) 
that runs completely in the background 
without interfering with other computing 
functions. Because Watson comes with a 
60-day free support program. Because 
Watson has over 35,000 satisfied users. 
And because over 4500 of our sales 
come from user referrais! 


AW This For Just $249. 


With basic Watson you'll get a single or 
mulliple user system that answers the 
phone; forwards messages to an 
phone, even pagers, provides private 
and public voice mailboxes: gives you 
a personal calendar and program 
mable alarms plus a dictation system 
with full featured voice editing. You'll get 
auto dialing, remote access operation 
and message retrieval. Plus a sortable 
phone book based on a Rolodex” 

file card structure in which you can 
enter free form notes and do key 

word searches. And it's all yours for 
just $249. 


“George Waller Phone Power (New York Berkley Books, 1986} 


Here's the PG Voice Mail system that can 
increase your productivity hy over 9 weeks. 


Watson Productivity Options. 
Waison-- Voice information 

System (VIS) 

An English-like command language that 


allows you to customize voice messages, 


control message sequences with touch 
tones for both inbound and outbound 
response applications. 


Add FAX- On The Same Line- 
To Watson's Voice Mail And 
Modem Capabilities, 


With Watson Communications Center 
(WCC) software, if you've got a FAX 
board or are looking to add one, now 
you can have Telephone Answering 
and Voice Messaging and Modem ang 
FAX on one computer, using just one 
telephone line. Perfect for the home 
office, small business, or work group 
in a large corporation, WCC gives 

you total integrated communications 
capabilities so you can look and sound 
more professional. 


WCC is easy to use. One-bution selec- 
tion allows callers to choose how they 
want to communicate: with voice, with 
FAX, or with modem. Pop-up menus, 
function keys, and help screens make 
keyboard use simple. 
WCC is flexibie/configurabie. VIS 
gives unmatched custamizing flexibility 
and lets you control Watson to do out- 
bound telemarketing, inbound bulletin 
boards, phone surveys, order entry, and 
many other tasks. WCC also provides 
complete privacy by allowing all commu- 
nications to come straight to your PC. 
WCC saves space and money. Elimi- 
nate the need and clutter of separate 
answering machine and FAX as well as 
the expense of a dedicated FAX tele- 
phone line, 

To find out more, call 1-800-533-6120 
and ask for cur WOC Department, in 
MA, call 1-508-655-6066. 


а Voice Mall and Modem 
For IBM’s MCA Only $595, 


All the features of Watson including 

VIS in one package tor IBM's newest 

MCA technology: 

» Built-in 2400 baud Hayes-compatible 
modem 

« VIS—lets you program Watson/ 
telephone interaction 

« Single/multi-user capability 

« Also available for XT, AT, 386 compatibles 


Hear All About Н. 


To decide which Watson is right for you, 
call our Demo Hotline. You'll hear an 
actual demonstration and discover all the 
ways Watson can work for you. 


Gall Our Demo Hotline Now. 
1-800-6-WATSON, EXT. 245. In MA 
1-508-651-2186 EXT. 245. Or to order 
Watson directly, call 1-800-533-6120 
EXT. 245 (in MA 1-508-655-6066 
EXT. 245). 

MasterCard, VISA, and American 
Express accepted. 


30 Day Money-Back Guarar Guarantee. 
Try Watson for 30 
days. If you arerrt 
completely satisfied, 
return it for a full 
refund. 


ening 
To Our Demo. 
We'll send you a free 
copy of Phone Power, if you u call before 
12/31/89 and ask for extension 245. No 
order necessary. Over 200 pages of prac- 
tical techniques for small business owners 
and company executives. Make your 
telephone and your time more profitable. 


Call on the power of 
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In addition, the PWGA] features a 
turbo BitBlt mode that can double the 
speed on 16-color images. In this made, 
-bit data tranefers from the on-hoard 
VR AM are treated às two 4-hir transfers, 
meaning that (wo pixels can be read per 
transfer. Four bits are sufficicat to dc- 
fine 16 colors, and 8 bits can define 256 
colors. If the application is using 16 or 
fewer colors, the PWGA] can combine 
iwo 4-bit transfers into one 8-bit transfer, 
cutting the time needed in half. 


Going to the Hardware 

The conventional wisdom of MS-DOS 
graphics has always been that program- 
mers will want to go to the hardware to 
get the maximum speed on their dis- 
plays. Working through a software inter- 
face is significantly slower. Most manu- 
facturers think this will be less of an 
issue with the 8514/A. 

There are some significant differences 
between the 8514/A and the previous 
standards. For one thing, the 8514/A isa 
good deal faster, even through the AI. 
For many applications, it has enough 
speed that developers won't feel the need 
to bypass the software interface. 

А second difference is that the 8514/A 
is designed to work in the brave new 
world of 08/2. The IBM version is avail- 
able only on PS/2s, which are intended to 
be IBM's platforms for OS/2. Н is harder 
to play games with the hardware under 
OS/2 than it is under MS-DOS. 

This combination of speed and diffi- 
culty means that most applications soft- 
ware developers won't be tempted to go 
directly to the hardware. However, sys- 
tem software developers may very well 
want to write to the registers to get as 
much speed for their applications as they 
can. This is the approach that Microsoft 
took in developing its 8514/A drivers for 
Windows. 


CLASH OF THE GRAPHICS TITANS 


Interlaced Video 

Another peculiarity of [BM 55 (57А ig 
that it produces an intertaced display. 
Headiand Technology ard Western Digi- 
tal say their chip sets сап do the full 
1024- by 768-pixcl display without intor- 
lacing. 

Intertaced modes are hardly new. 
Broadcast TY uses an interlaced system. 
So, in fact, does the Commodore Amiga. 
However, they have been uncommon in 
MS-DOS systems unti] now. 

The advantage of an interlaced mode is 
that it lets you double the vertical resolu- 
tion of a system without having to double 
the scan frequency of the monitor. Since 
the cost of a monitor increases with the 
scan frequency (although not lineally), 
that holds down costs. 

In the case of the 8514/A, that could 
have been a significant cost. Even before 
the standard svas announced, à number 
of multisync monitors were available that 
almost reached the 8514/A's frequency 
of 33 kHz. Providing 8514/A resolution 
without interlace would have meant go- 
ing to a 60-ЕН2 monitor, well outside the 
PC state of the art at the time the system 
was announced. 

In designing the 8514/A, IBM was 
clearly concerned about keeping down 
the scan rate of its momtor. The logical 
display resolution would be 1024 by 960 
pixels. Backing off the horizontal scan 
rate to 768 pixels cut the frequency re- 
quirements. 

А lower vertical resolution 5180 makes 
it easier to avoid flicker, one of the inher- 
ent disadvantages of interiaced video. In 
effect, interlacing cuts the sereen refresh 
rate in half, since it takes two scans to 
completely refresh the screen. If the ef- 
fective refresh rate is too low, the results 
are very noticeable. 

The typical scan rate on a computer 
monitor is 60 times per second. This is 


fast enough that no flicker is noticeable. 
Doubling (he vertical resoiutluon anu 
halving the refresh гас would drop the 
scan rate to 30 times por second, alow 
coough that flicker bocomes apparcnt. 

By holding tho vertical resolution to 
768 pixels, [BM was able to use a scan 
rate of 44 times per second. This is fast 
enough to significantly reduce flicker. In 
addition, the 8514 monitor uses a long- 
persistence phosphor, and the combina- 
tion gives adequate display quality for al- 
most any application. 


Is Adequacy Sufficient? 

The 8514/A appears to be designed with 
the philosophy that adequacy is suffi- 
cient. It is not a full-fledged graphics co- 
processor with an extensive library of 
built-in functions. Instead, it is a rather 
simple processor with limited, hard- 
wired instructions. 

In theory, the more powerful the 
graphics coprocessor, the better. This is 
the philosophy behind the 34010, the 
80860, and most other graphics со- 
processors. [n practice, a powerful co- 
processor trades off cost and ease of pro- 
gramming to get power. IBM apparently 
decided it made more sense to settle for 
less power in a less-expensive product, 

As a result, the 8514/A's instruction 
set is limited. Programming it is easy in 
the sense that once you decide how to do 
something, doing it is very straightfor- 
ward. But figuring out how to go from a 
requirement to a programming strategy 
may take some thinking. 

Notably missing from the 8514/А °з in- 
struction set are arc-drawing primitives. 
Nor is there a polygon-fill primitive, al- 
though polygon fills can be done readily 
using the Begin Filled Area and End 
Filled Area commands. 

Although the command set is fixed in 

continued 
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hardware, the chip set has considerable 
potential for cxpansion in resolution and 
color. For one thing, according to Head- 
land Technology, the chips themselves 
will support resolutions of 1280 by 1024 
pixels, even if the present boards won't. 
That means that increasing the resolution 
will be fairly straightforward. 

Equally significant, one address chip 
can handle up to four pixel chips. That 
would let the 8514/4 do 32-bit color at 
the same speed as the present 8-bit color. 


IBM Moves 
The 8514/À not only breaks new techni- 
cal ground for IBM-compatible graphics 
standards, it also poses a marketing risk 
that earlier IBM-compatible standards 
did not. Because IBM did not release any 
of the hardware specifications, there is 
nothing to stop rhe company from com- 
ing cut with a completely new product to- 
morrow that conforms to the software 
specification. 

On the other hand, [BM has said that it 
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intends ro put uc 8514/4 on the mother- 
board of tuture models of PS/2s. it has 
indicated that it intenda to with the 
8514/A for several years, albeit with ex- 
pansions and extensions. 

Further, the &5[4/A ^к backers say that 
they expect to build enough momentum 
in the markct that it will be a standard no 
matter what [BM does. If there are 2 or 3 
million 8514/A systems in users' hands, 
applications developers are going to pro- 
vide drivers for the 8514/A. 

Upgrading to the 8514/A poses a di- 
lemma for users. It is not back ward-com- 
patible, and not all software comes with 
8514/A drivers. 

There are several ways around this. 
One of them is to instal] the 8514/A 
adamer alongside a VGA card and use the 
standard pass-through connector that is 
part of the VGA specification. That 
works, but it takes up a second expansion 
slot. In addition, in some VGA imple- 
mentations, you run into a memory con- 
flict. Third-party VGA board manufac- 
turers have added features and modes to 
the boards, so their BlOSes are larger 
than IBM's, and their implementations 
run over into 85 14/А memory space. 

Another possibility would be for man- 
ufacturers to offer boards that have both 
YGA and 8514/A on them. That would 
be more expensive than a regular 8514/A 
card, but it may prove popular with users 
with existing systems. 


A Standard for the 1990s? 

As this is written, it is much too early to 
tel] which graphics system will become 
the next standard. Both the 8514/A and 
TIGA are attractive, and they both have 
strong and weak points. 

TIGA offers a uniform, resolution- 
independent software interface that can 
be extended to meet programmers’ needs 
and can grow to handle new generations 
of graphics coprocessors. The 8514/A 
follows the classic path of turning an 
1BM product into a standard. It includes 
the ability to access the hardware directly 
for maximum speed, and the hardware 
may very well be less expensive than 
TIGA. Its backers also claim that it is 
faster than TIGA, 

Technically, both of these proposed 
standards represent a significant advance 
over VGA. Which of them is successful 
will probably depend at least as much on 
the market factors as on their inherent 
benefits. ш 


Rick Cook is a freelance writer in Phoe- 
nix, Arizona, specializing in computers 
and high-iechnology subjects. He can be 
reached on BIX as "reook. " 
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Meet our new Elite/1600™ a complere ultra 
high resolution 19-inch monochrome display 
system with a 1500 x 1280 pixel resolution. It 
offers the highest quality two-page display 
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IBM PC and compatible. 

lr has the same resolution as the 
Sun-4 workstation monitor. The extraordinary 
display, combined with a clean, stable, flicker- 
free picture means your images are razor sharp, 
alignment perfect, drawings pin-point precise. 

Each display system comes complete 
with a high resolution monitor, video interface 
card, and software drivers. 
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We carry a coraplete line of high 
resolution color, monochrome and gray-scale 
display systems. 

The moniter you’ve got in mind 
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our free information package. 
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' Highly Software Compatible: An im- 
pressive list of over 200 graphic softwere 
products support tha ARTIST™ Series. 
CAD, image processing and desktop 
publishing just begin the list of ARTIST 
applications. 

Vast Product Line: The ARTIST Series 
includes 20 graphic controllers that range 
in resolution from 800 x 600 to 1664 x 
1200. They display up to 16.7 million 
simultaneous colors and use Hitachi, Tl and 
NEC graphic microprocessors to handle 
complex drawing commands.” 

. Single Screen Options: VGA, EGA, and 
CGA modules give you single screen 
workstations.” At the same time, they 
allow you to run popular software 
packages that support IBM graphic 
standards. 

PC & MC Bus Compatible: We offer 
ARTIST graphic controllers for the IBM* 
РСІХТІАТ, IBM PS/2 Micro Channel™ 
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and compatibles. (Macintosh i products 
to be offered soon.) 

Design Leadership: Control Systems 
was the first ta produce a high perfor: 
mance graphic controller for the original 
IBM PC m 1982 and we repeated that ef- 
fort in 1987 for the IBM PS/2s. 

Peak Performance: We combine ARTIST 
controllers with ARTIST software drivers 
"to give you fast, feature-packed graphic 
subsystems that few can match. Qur 
ARTIST GT™ display list processing 
drivers give you instant zooms, birds-eye- 
views, transparent pans, and more. 
High Customer Satisfaction: Dur ів: 
house testing procedures guarantee 
you smooth installation and operation. 
Less than 1% of ARTIST controllers are 
returned for repair. 

Development Tosis: We offer 
developer's toolkits for PGL, 0615, 
X-Windows, and Hoops. Each has a com- 


“Nate: ARTIST controler features vary from product to product. Specifications are subject to change. 
ARTIST and ARTIST GT are trademarks of Control Systems, inc. ІВМ is a registered trademark and PS/2 end Micro Chancel are trademarks of international Business Systems. A 


imanes courtesy of MCS. CADKEY, VersaCAD, tthaca Software, Autodesk, Sigma Design, ATAT GSL. AutoSolid is a trademark of AutoDesk, Inc. Copyright 1988 Control Syst 
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IS IT REALLY 


SUPER? 


The Super VGA standard is both a beginning 
to solving some problems and an end to simple solutions for others 


GA, Hercules, EGA, 

PGA, VGA, 8514/A— 
| haven't we had enough? 

With resolutions ranging 

from 320 by 200 pixels to 
1024 by 768 pixels and color options 
from monochrome to 256 colors from a 
palette of 256,000, we seem ta have over- 
done the graphical user options a bit. 
What started as a simple choice between 
monochrome and color has 
become a confusing and ex- 
pensive set of options for 
users and has escalated into a 
nightmare for manufacturers 
and programmers of video 
display adapters. 

Each of these classes of 
display adapters has one or 
more standard text modes, 
ranging from 40 columns by 
25 rows to 80 columns by 50 
rows, and standard graphics 
modes that range from 640 by 
200 pixels by 2 colors (CGA) 
to 640 by 430 pixels by 16 
colors (VGA). Most of the 
modes in the earlier adapters 
are supported in the later 
ones, though sometimes with 
different setup parameters. 
For true ІВМ modes, all com- 
patible adapters support the 
setup via BIOS calls. 

In addition, almost every 
maker of display adapters has 
added special text and graph- 


ILLUSTR ATION: MICHAEL KLEIN & 1989 


Bill Nicholls 


ics modes (via hardware and BIOS exten- 
sions) that differentiate its product from 
others. For text, these special modes 
range up to 132 by 60 characters. For 
graphics, they range up to 1024 by 768 
pixels, interlaced and noninterlaced, as 
well as 800 by 600 pixels in 16- and 256- 
color options. 

As a result, software companies that 
produce graphics software have provided 
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limited support for the special extended 
modes unique to a specific adapter. 
Thus, the video-adapter manufacturers 
have had to greatly expand their pro- 
gramming and technical-support effort 
to provide software drivers for cach 
graphics package in order to solve your 
installation problems, And you still have 
to figure out what combination of modes 
and software gives you the best result 
with your current display! 


How Bad Can It Get? 
Five chip sets currently sup- 
port VGA-compatible dis- 
plays: Renaissance, ATI 
Technologies, Western Digi- 
tal Imaging (Paradise), Video 
Seven, and Tseng Labs. All 
have extensions requiring dif- 
ferent programming to acti- 
vate similar modes. A sirnilar 
number of chip sets exists for 
the EGA standard and exten- 
sions, and the 8514/A has 
both a software application 
interface and a decoded hard- 
ware interface from Western 
Digital. 8514/A clones are 
expected soon and could fur- 
ther expand the incompatible 
setup and programming prob- 
lem. You could have 30 to 60 
independent sets of code for 
each application to drive the 
most common video adapters 
continued 
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in the most common graphics modes. 
With the exceptions of Microsoft Win- 
dows and GEM for DOS, Presentation 
Manager for 05/2, and X Window for 
Unix, по common driver interface cxisis 
for graphics applications. Graphics ap- 
plications now face a two-level software- 
support decision: which interface stan- 
dards they should support, and which 
stand-alone adapters DOS should sup- 
port. To support the growing number of 
environments and video adapters, each 
graphics application must devote more 
programming resources to the graphics 
interface rather than to the application. 
The good news is that a group of video 
chip, board, and display vendors saw this 
problem comiag and formed an indepen- 
dent organization —VESA, the Video 
Blectronics Standards Association. This 
organization recommends standard BIOS 
and programming interfaces for the ex- 
tended graphics modes that hide the in- 
compatibile hardware implementations. 
The bad news is that the task 15 com- 
plex and must be done in a backward- 
compatible manner so as not to orphan 
the current installed base of VGA cards. 
The VESA VGA BIOS extension propos- 
а] version 2.0, called Super УСА, was is- 
sued in April. It will take time for final 
agreement and implementation of the 
new standards, and still more time to re- 
write or upgrade the software drivers. 


The Standards 

The term Super VGA refers to video 
graphics products that implement & 
superset of the standard IBM display 


adapter. The VESA Super VGA Stan- 
dard is the proposed software intcrface 
that will isolate the hardware differences 
and provide information in a hardware- 
independent manner. This moans you 
will finally be ablc to write graphics 
software without needing special code 
for each specific chip set or having to 
identify which adapter you're using. 
VESA is proposing standards for de- 
termining the video environment, pro- 
gramming support, compatibility, mode 
numbers, and BIOS functions. The 
video-mode numbers are 15 bits wide, 
while current VGA video-mode numbers 
are 7 bits wide and range from 00 hexa- 
decimal to 13h. Manufacturers have es- 
tablished extended modes in the range 
from 14h to 7Fh. Values in the range BOh 
to FFh are not allowed since bit 7 is a 
Clear Video Memory flag. Except for 


Table 1: The VESA video-mode 
numbers are 15 bits wide, while 
current VGA video-mode numbers 
are 7 bits wide. Except for mode 
64h, all other VESA modes will 
equal or exceed 1005. 


PROPOSED VESA MODES 


Number 
of colors 


Mode Resciutlon 


Number 


бАһ 
100h 
101h 


ВОО x 600 16 
640 x 480 256 
BOO x БОО 256 


Table 2: VESA function calls will return status in the AX register concerning 
support or nonsuppori, success or failure. 


PROPOSED VESA FUNCTIONS 

Function Purpose 

number 

OOh Return Super VGA information, This functron returns a pointer to a buffer 
containing supported Super VGA. capabilities and other pointers. 

Qin Return Super YGA mode information. This function returns a poner 
to a detailed labia of siza, attributes, and resolution for a specihc Super 
VGA mode. 

02h Set Super YGA video mode This function sets the desired mode, 
if available; otherwise, it leaves the environment unchanged. 

03h Return current video mode, 

O4h Save or restore Super VGA video slate. 

5h Set CPU video-memary window. This function allows direct access 
to the hardware-oaging registers of the video memory. 

160 Fal! 1989 » BYTE IBM Special Edition 


mode 6Ah, all other VESA modes will 
equal or exceed 100h (see table 1). 

An extended BIOS support using cx- 
tended function 4Fh in the video inter- 
rupt 10 handler is also proposed. Func- 
tion calls will return status in the AX 
register concerning support or nonsup- 
port, success or failure (scc table 2). 

In addition to these functions, further 
analysis and discussions are aimed at 
other aspects of the video adapters. 
These include the following: 


e Extended video-memory mapping, 
which could simplify windowing soft- 
ware by insulating it from most of the 
hardware details. 

* External palette control to 6- and 8-bit 
D/A converters, which could create a 
uniform interface to either a 256,000- 
color palette or а 16-million-color pal- 
ette, 

* Variable start address for the CRT, im- 
portant in animation techniques. 

* Standard timing parameters for the 
display so that monitor manufacturers 
can provide monitors that synchronize 
without adjustment and provide the prop- 
er picture size at any resolution. 


How Does This Affect the End User? 
Except for the installation difficulties, as 
an end user, you don't see most of the 
current problems directly. What you do 
see are long delays required for the ex- 
tended graphics modes, and separate 
drivers for each graphics software pack- 
age for each specific adapter family. 
VESA has yet to make an impact on 
the end user, but once the standarus are 
accepted, you will see fewer but more- 
functional software drivers. In addition, 
switching to a new video display adapter 
usually won't mean getting a whole new 
set of drivers, since a driver written to 
the VESA standard should work with any 
VESA-compliant adapter. 


Performance Issues 

VESA standards may solve the incom- 
patibility problem, but higher resolution 
presents another problem. Higher resolu- 
tion means more pixels; more pixels 
mean more operations to update each 
screen; and more operations mean a 
slower response to any change. 

Given today's systems and adapters, a 
4.77-MHz computer will be slow at sup- 
porting EGÀ graphics. For basic 8-MHz 
ATs, VGA at 640 by 480 pixels is prob- 
ably the best resolution with acceptable 
graphics performance. A 12-MHz AT 
can support VGA at 800 by 600 pixels, 
but 1024 by 768 pixels needs a 16-MHz 
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on your PS 
SC 
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When it comes to displays, bigger is better. That's 
one reason why the Amdek Monitor/432 monochrome 
VGA has a big edge over IBM’s own standard PS/2 
monitor. 

But its not the only reason. Because the 432 is, after 
all, from Amdek. A company with over 12 years experi- 
ence in the computer monitor business, and the leading 
independent monochrome supplier. 

The 4325 14” etched-surface, flat screen produces hardly 


IBM mot 
2, youre not 
по the big picture. 


gof 
ШОГ 


any glare or distortion. And far less eyestrain than Big 
Blues PS/2 monitor with its smaller, 12" curved screen. 
What's тоге, IBM's smaller screen also carries a 
bigger price tag. е 
So, if youre choosing a monochrome monitor for a PS/2 
or any AT compatible, remember the company that hasn't 
lost sight of the big picture. Amdek. For the dealer nearest 


you, call 1-800-PC AMDEK. „в 
a8 AIMDEK 


E 


Amde is а registeted tranemark ol Amdek Cotporabor. Otter tradematks!owners: PSr2, VGA IBMiinternavonal Business Machines. * 1389 Stanford Resources, Tn 
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Table 3: Most graphics sofrware runs at 640 by 480 pixels today, sa the 
processor is handling 2.4 times as many pixels as CGA. The higher-resolution 


screens will clearly be slower. 


EFFECT OF RESOLUTION ON NUMBER OF PIXELS 


Video Resolution 
mode 

CGA 640 x 200 

EGA 640 x 350 

VGA 640 x 480 

Super VGA BOO x 600 

8514!А 1024 x 768 


AT or 80386-based machine for good 
performance in graphics modes. 
However, not all the limitations are in 
the processor—a 16-bit VGA wil! be 
faster than an 8-bit VGA, provided the 
hardware and software used can handle 
16-bit graphics access. Unfortunately, 
this is the exception rather than the rule. 
Look at this another way. Since most 
graphics software runs at 640 by 480 
pixels today, the processor is handling 
2.4 times as many pixels as CGA, but the 


adhesive Keytop and Keyfront Label Kits. 


Hooleon offers complete custom imprinting services for 
ki keytop and keyfront labels and templates. Or, 
Choose WordPerfect 5.0" and 5250 Emulation KeyCaps 
for the IBM* 101-Key keyboard; Relegendable keys 
for IBM® , Cherry", Wyse™, and Key Tronic™; 
Keytop Label kits supporting WordPerfect™, Display- 
Write™, Multimate Advantage", Microsoft "Word", 
Data Entry and Language Conversions; FlexShield™ 
Keyboard Protectors; KeyStopper™ Individual Key ge 
Lock-Outs and more! Call or write today for your 


FREE 1990 caralog! 


CORPORATION 


602 634- 7515 * FAX 602 634-4620 
PO. Box 230, Dept. BYTE, Cornville, AZ 86325 


SEE US AT FALL COMDEX IN 
THE RIVIERA- BOOTH R8534 


Turn training time into productive time by customizing your 


keyboard with Hooleon's SnapCap KeyCaps™ or non-lip 


from the Leader in келар Innovations. . . 


Number Percent 

of pixels of CGA | 
128,000 100 

224,000 175 

307,200 240 

480,000 375 

786,432 614 


higher-resolution screens will clearly be 
slower (see table 3}. Two other factors 
also affect the delays: access to the video 
adapter memory, and the number of opera- 
tions required to change a single pixel. 

EGA is particularly bad for memory 
access, as five out of six memory access- 
es must be dedicated to refreshing the 
display, leaving only one out of six for 
updates. This is the primary reason for 
slow EGA displays. 

VGA has a different problem. While 


memory access is faster, the larger pixel 
array requires as many as five UO com- 
mands for each update due to the seg- 
mented addressing required to access 
256K bytes or 512K bytes from a 64K- 
byte address space. While in 16-color 
mode, VGA can updare two pixels ut 
once; but in 256-color mode, it must ac- 
cess each pixel separately. 

Adding insult to injury, many VGA 
adapters stil] have 8-bit registers even if 
they have 16-bit interfaces to the AT bus. 
Add further delays due to slower ROM 
BIOS access, and the situation can't get 
much worse. The amazing thing is that 
good performance is delivered in most 
cases because of skillful programming 
in the graphics drivers, which are finely 
tuned to specific adapter hardware. 

To accomplish further performance 
gains in the high-resolution area (800 by 
600 pixels and up), hardware assistance 
in the form of dedicated graphics proces- 
sors will provide the repetitive pixel ma- 
nipulations currently dependent on the 
host CPU. Graphics chips available to- 
day include the Intel 82786, the Texas 
Instruments 34010 and 34020, and, 
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WordPerfect 5.0" — Ded fone SnapCapele ror 
customiie your BMS keyboard to redefine your own keyboard 


5250 SnapCaps make seach. 
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BEST PICTURE 
OF THE YEAR. 


*Readers Poll, Data Based Advisor, February 1989 
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CATEGORY: BEST DATABASE MANAGEMENT 
GRAPHICS PACKAGE. 


dGE the most powerful database graphics Impress your boss, vour For more information and your FREE DEMO 


package on the market, has just been voted ihe s 2 DISK just call 1-800-231-1295 
ey hy У سی‎ iat лнй waiter clients, and yourself. Easily. m Ive Maire: 


according to the readers of Data Based Advisor. dGE does what you want. And it does it with the dialect write Pinnacle Publishing, 


ff you think that's impressive, consider this: of your choice, Consider the possibilities: РО. Box 8095, Federal 
the yole was based on dGE 2.0. GRAPHS: Way, WA 98003. 
Now dGE 3.0 is here. | i When youe ready for 
e Ваг * Polyline the bes i М 
dGE 30 TM И 
4 e High-low-close © Polyvector 
is better e Pie тше At cc 
3 4 «Уаш innacle Publishing or your 
а М, % Шап ever. он local software dealer. 
| ef The Graphics Design DIALECTS: 
L7 ° Cener included in the new e dBASE M+ © Quicksilver 
t WC 30 version, supports the e dBASE [Y e dBFast G 
E 7 creation of graphic © Clipper * Eagle | dGE is backed by а thirty «шу | 
charts and pictures * FoxHASE+ * Microsoft C | money back guarantee, 
in a free-form menu * R:BASE e Quick C 
driven environment, Compiler e Turbo С - 
; Ч GE comes титр with mieria T nac PO. Box 
Rem фий кимы | 2s publishing | О Yer i ses 
Ld бым м Whats more, dGE 3.0 works with: IDUSFUDB f 206/041-23 
Graphics Design Center writes the code for you ССА BGA. VGA and Inc. B 800/231-1293 
after you've designed the image using pulldown — — ^A FAX 206/946-1491 
menus and WYSIWYG editing screens monitors, IBM PC, XT, AT. РУ ' 
| and compatibles. Supports the чона 
There's more good news. Version 3 also adels most popular printers and pot- — | The Database Enhancement Expert" 
а font editor, expanded printer support, 3-D bar ters including HP-GÁL language wy ee доме 
plotters. PCX/PCC support now names are wedemarks of eir respective holders 
also included. COME VISIT US AT 
COMDEX BOOTH #C-740 
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DISC DRIVE REPAIR SPECIAL 


Formatted Сар. Flat Rate SPECIAL SHIPPING YOUR DRIVE 
10-19 mb $99 69.10 FOR REPAIR 


20-29 mb 
30-39 mb 
43-49 mb 
50-85 mb 
86-120 mb 
121-150 mb 
151-275 mb 
276-380 mb 


$12.50 Pack your drive carefully and fully 
135.00 protected in а sturdy shipping 
157.50 box. Include your name, address 
180.00 8d daytime telephone number. 
247 50 Allow $9 for shipping per drive. 
29250 WE DO DATA RECOVERY 


342 5g CALL FOR QUOTE 
445.50 FLOPPY 5.25" REPAIR $45 


expected near the end of this year, thc 
chip supporting the IBM 8514/A. 
However, this is only half the equa- 
tion. Graphics code today is written for 
host-processor bit- and pixel-twiddling. 
Changing to outboard chips will require 
at least a rewrite of the graphics driver, 


VALID THROUGH and maybe a redesign of the interface. 
Functions with repetitive operations, 
‘such as line drawing and area fill, are 
quick to pass as parameters, but complex 
shapes may be slower than the host CPU 
can handle. These complex operations 
will require bit maps of graphics objects 
to move rapidly between the host CPU 

| and display processor. 


72 MB........ ref, ................595 


= 120 МВ... new ...........1295 
SCSI HARD DRIVES 


Future Directions 
Except for Texas Instruments" TIGA 
standard for 340x0 boards, the issue of 
standards for "smart" video adapters is 
two years behind that of the VESA stan- 
dard for VGA boards. As these boards 
drop below $1000 in the 1990s and be- 
come mainstream components, the prob- 
lem of proliferation of interfaces wil] re- 
cur unless VESA or a follow-on group 
soon begins the lengthy process of 
achieving a standard through consensus. 

In addition to the current proposed 
VESA standard, other standards work is 
planned, and new working groups in- 
clude the 8514/A interface. To those 
groups should be added a group for 
analysis of performance issues, another 
for operating environments like Win- 
dows, and a third to study the transition 
issues as software has to support the 
smart graphics adapters. 

As an end user, you can look forward 


THOUSANDS OF DISC DRIVES IN STOCK 
We Feature Technical Support for Everything We Sell 
We Specialize In Disc Drives —Ask for Our Brochure 


ss M -——áÁÀ =з 
j Бу TECHNOLOGIES, INC. TEL 818 + 709 » 6400 
FAX 818 - 341 * 2935 

21011 Itasca St, #F Chatsworth, СА 91311 


Voice Ма (Card 


VM-328 MAKES IT EASIER! 
IT TURNS ANY PC INTO A POWERFUL VOICE MAII. SYSTEM 


LOW COST VOICE MAIL SYSTEM 

VM-32B gives you 100 individual private voice majl 
boxes, васп coded by а password. incoming phone 
cals will be answered automatically with your 
personal greeting message. You can retriave mg- 
saget remotely for any fouch-lone phone, You can 
evan рге-ргодгат any massages to be Bent Ouf to 
any phone number sl any pre-set line 


EXTERNAL 3.5" 720K/1.44M DRIVE 


| the approximate limit for reasonable per- 


APPLICATION AT AN AFFDRDABLE PRICE 
Like mos! expensive voice тай system, VM-328 
records right on your hard disk. You will ba amazed 
at та clarity of reproduction. Lote of application for 
lees Money. Tailor it (о your own specilio needs ANN 
you need is an MS-DOS PC, a hard disk and a Ip! of 
incoming calls. tis affordable at an introductory low 
price ot $ 1504 


IT MAKES LIFE EASIER FOR IBM PC/XT/AT OWNERS 
WHO WANT AN AFFORDABLE 3.5" DISK COMPATIBILITY! 


" High quality TEAC Mechanism In a sim case 

* 1.44 M Orive reads 720K Jak as well 

* Our controller card supporis up to 4 drivas of any 
combination 5 25" ор 3,5" inttuding the 1,4414, It 
can also be weed as a direct replacemen! inr std 


XT ask contreilers in a PC or XT, or be jumpered 
as û secondary controller for 286 computer, 


TOLL FREE ORDER LINES 
Inside NY 1-800-553-6224 
Outside NY 1-800-433-6224 
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Ext. 5.57 720K Drive (FD-228E| $ 149 
Мм Górtroler card (FD-298EP] $ 209 


Ext, 3.5" 1.44M Deve (FO-2668) $ 169 
With controfer card (FO-268€P} $ 229 


Conicoller tard Mone [О!-268} $ 85 


For mare information, call: 


KINSON PRODUCTS CORP. 
482-484 Sunrise Highway 
Rockville Centre, N'Y 11570 
Tel. (516) 763-0006 
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to Super VGA as both a beginning and an 
end. Graphics-driver standards are be- 
ginning to solve the problems of incom- 
patible hardware, but simple CPU sup- 
port for higher-resolution displays is 
coming to an end. 

For the near future, 1024 by 768 
pixels wil] be an economic lirait for most 
of us for graphics displays. This is also 


formance when driven directly by am 
80386-based CPU. For the next 8 to 12 
months, these displays will become more 
cost-effective and popular as software 
support catches up with hardware capa- 
bility and production volume enables 
prices to come down. Beyond that, future 
advances of graphics resolution and per- 
formance will depend largely on begin- 
ning to create new standards now. & 


Bill Nicholls has a B.S. degree in physics 
from Notre Dame University and is the 
owner of BGW Systems (Puyallup, WA). 
He can be reached on BIX as “bilin. " 


What Problems Lurk 
In Your Computer’? 


System Sleuth Knows! 


Operating as easy-to-use PC environmental diagnostic software, System 
Sleuth probes every single sub-system In your PC — unravelling the mysteries of 
system problems and configuration conflicts — giving you the facts and nothing 
but the facts. 


System Sleuth is thorough. The Testimony: 
Н explores the entire PC environment — from “This is one of those programs that! didn’t know 
available memory to add-in boards to disk | needed until | got if; now, what with ali the 
drives to hardware interrupts — nothing es- hardware | fry out around here, | use it сй the 
capes System Sleuth. lime, and | can't think how 1 got along without 
: it." Jerry Pournelle, Byfe Magazine 

System Sleuth is fail-safe. May, 1989 
—beyond a shadow of a doubt. We're talking "System Sleuth, an absolutely wonderful new 
all diagnostics and no slip ups — no accidental ulility.. it shows on even beler idea than 
changes to any parl of your system. IBM's on how іо help ће PC user and 
those who fry lo keep him up 

System Sleuth saves time and and running." 


money. IPs fast. It's accurate. 


So before you 


Jim Seymour, PC Week 
December, 1988 


call in technical The Price: 
support people, ма $ 1 49.00 
get the facts from The Werdich 
System Sleuth. э coh 
1-800-999-1557 

P Visa and Mastercard 


30-day, money-back 


eX guarantee 


ft مر‎ ма... 


SYSTEM SLEUTH 


Dariana Technology Group Inc. 
23704-5 El Toro Road, Suite ЗАВ. El Toro, CA 92630 + (714) 994-7400 


System Sleuth Is о Tademan of Daiano Technology Group, inc. Ofner Grands ond produci names are trademarks of thet respective holders. 
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Rem tor 


BUYERS BEWARE! Northgate charges 
credit card sales only when system is 
in the shipping process. Some others 


use your money by charging cards at 


time of sale. We recommend you F 
be aware of this when cousideriag Fr 
your venoor. i 


How can Northgate afford to offer а 
286/12 with 32MB hard drive and one full megabyte 
of RAM when Dell's newest Series 210 system, for the 
same money doesn't match up? 

Maybe it's the high cost of color advertising. We 
use two colors and pass the savings on to our 
customers. Would you rather get more computer for 
the money...or be entertained with color pictures? 


Here's a fresh idea... Make Northgate and 
Dell's money-back guarantee program meaningful: 
Order from both companies. 


30 days later send back the loser. 
Or keep life simple and place your order with 
Northgate, Odds аге it's the one you'll keep anyway. 


Northgate Computer Systems, Inc. 
Дедал poal "13208 лелин fh -— o 


Plymouth. Minnesota 5544] 


Phone Northgate for full details and pricing 


800-548-1993 


Canada: 800-338-8383 


m - | 


FINANCING: Use the Northgate “Big N" revolving credit card instead of 
tying up Visa or MC credit. Millions in financing available, easy to qualify. 
OR... Lease Northgate with up to five-year terms. ideal when cash flow is 
Important. Phone for details. 

eie? QNMHNIKEY? IO) Смт у Phn. and the 


dunes dene dara ge к-н 
regitiered trademarks of their терен йө companies 


Prices and specications arc subiect нэ charge without motne —_ ттерге» the 
pubsaitute components of equal or greater quality or performance wae 


fers Йеке ee юж nidi дозі 
hing oe parches plans te«duding + program АИ 
PS. Ask about Omrditey(P 09, the new Northgene Keyboard deugred the wey you werd! 


Ye kage are vrademaiks 
mane arr radem ks and 


| Full Megabyte RAM 
100% GREATER! 


32 Mbyte Hard Drive 
50% LARGER! 


12 MHz Processor Speed 


3169999 


BUYER'S SCORE SHEET. 


Read the Specs. Check the Leader. 
Total the winning checks and make your decision. 


Standard 
Features ^ | NORTHGATE » 
Processor 13.5 MHz 80286 12 MHz 80235 
Memory 512 One Megabyte 
Video interlace 16 Ви Built-in 16 Bit Add-on 
[Factory Fixablei Only (OSI Fable? 


12" МСА Mona 3| DF 
One = | 2 oF 1.44 
20 Mbyte 


пир — 
Floppy Drive 
Sud. Hard Сита 
Capacity 


(2° МС А Mono d1 OF 
One - 1.2 oF 1.44 
32 Mbyte RLL 


IDE Burt-[n Can use - RLL МЕМ 
1 


IDE. ESD 
2 Ser. 1 РР 
Famous OmniKey!lO2 


VO Capebilirie« 25er | РР 


Keyboard “Mushy Touch” 101 

Software | Dlisgnostic Caine Help MSDOS | 

Space Saver Case | 157W. 15"L aH IS Woe TL ATH | 
30 Days 30 Days 


Moneyback 
Period 


| Vr Parts & Labor 
Unlimited. Toll Free 


| м: Purts-S Labor 
Unlimited Toll free 


Warranty 
Phone Tech 
Support 


Hours Open - Standard Daytime. Eve 24 Hours 
Sales [ All Day Every Day 
Hours Open - Standard Daytime 24 Hours 
Tech жо All Gay Every Day 


[xm [ш eme | 
And the winner is... 
Call NOW! 
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When you want tok know 
с) | Q L 
(1 


11] about a u comp DU Uu Ге 
XD In one Ask 
n wall 

Г. JC Jerry Po 90 OUITK е, 


Put а machine in Pournelle’s workshop. He'll 


soon tell you everything you want to know about 
it with no punches pulled. 


Recently, Dr. Pournelle looked at Northgate’s 
80386 Pipeline Page Mode system and reported 
in BYTE July, 1989 (excerpted): 


"jerry Pournelle holds a docume in peychology and i» a 


writer who also earms è comfortable living writing 
shoes compiler presen! and Futura 


°“... the case is sturdy, and the motherboard 
construction is clean and neat. The boards are 
thick; I've seen some clones with boards so thin 
they wave in the breeze.” 


°“... [like this machine a lot.” 
°“... The workmanship is superior.” 


**,,. there sure wasn't any installation required 
for this system. I just turned it on, and it came up 
in MS-DOS 4.01." 


[a software program] ... ‘‘which is all graphics is 
almost twice as fast on the Northgate 80386 as 
on my other machines. So is Windows ...”* 


**.. I rate the Northgate 80386 as better than 
good enough on CPU and disk speed and wow! 
on video speed.” 


ÇC apriga Morthgate Computer Stems, Inc. 1599. AB Rights Aegereed 

Pange CMNIKEY/LOZ, утылу PILLS. вле rhe Morrchgate N^ ingm arc Trademark: ol 
Мт ыры Computer Symm, lnc. АЙ hey prodat and brand nans: are trademarks anc 
пернеге qrademarks of deir respective companies 


**. . [have reports from other people who have 
Northgate computers, and they're happy.” 


**. .. All in all, the Northgate 80386 looks like 
one of the best deals in town.” 


SUDDEN SERVICE: We Ship All Orders 
for 386/20 Systems within 4 days!** 


fe fitar you 
800-548-1993 


NORTHGATE COMPUTER SYSTEMS, INC. 
13705 First Avenue North, Plymouth, Minnesota 55441 


Canada: 800-338-8383 


im. x< HOURS: Monday - Frida 
y . y 7am. - Û p.m. Central 
A MER] NEW EXTENDED SAT. HOURS: 8 am. ~ 4 p m. Central 


FINANCING: Use the Northgate "Big N" revolving credit card instead of 
tying up Visa or MC credit. Millions in financing available, easy to quality. 
OR...Lease Northgate with up to five-year terms. kdeal when cash flow is 
Important. Phone for 
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The keyboard you asked us to design! 


Thousands of you asked us to make a keyboard 
designed the way you want, not what IBM and all their 
keyboard clones force on you. 


Now ... discover OmniKey/PLUS! 


As are all our keyboards, Northgate'’s engineers designed 
this gem from the ground up. It's not a PacRim economy 
job anyone can buy. IT'S EXCLUSIVELY NORTHGATE. 


One look, one touch tells you this is the best in keyboard 
design, in quality, in all its many features so you can type 
faster, confident all the keys are where you want them. 


Now! Two separate keypads, Cursor arrows in logical, 
comfortable array--gone is the il-conceived "inverted T" 
And the backslash key is placed "just right See detail 
panels. 


Will you prefer OmniKey/PLUS enough to discard your 
current keyboard? Take ten days to make up your mind. 
If not, return for full product cost refund. 


Quantities may be limited so call or send your order today. 
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CONVENIENCE CLUSTER ... 
Large Backspace Key. hard to 


F KEYS ON THE LEFT... 
12 easy to reach. programmable 


F Keys where they belong and miss; L shaped Enter Key; Back- 
where your fingers expect to find slash next to Shift; Unshifted 
them instinctively. Asterisk Key—a wonderful additior 
ار‎ Жс . 4X... эм 
EB Alps Click/Tactile EN OmniKey/PLUS 
== Key Switches — = 5.5 Ibs.. 
made to stay put on 
your desk 
Dip Switch 
compatible with J Cable plugs into 
nearly any IBM PC 3 back of keyboard 
type system—P5/2. 
Zenith, Compaq. EN Low Profile Elegant 


Dell, Tandy, AT&T ' Styling! 


Introductory Limited Time Price 


PATENTS PENDING 
For Dealer and Distributor Program Pricing. Phone Keyboard 
Dept. at 612-553-0734. 


Compatible with 
virtually every 
IBM type 
computer іп 
the world! 


Ten-day trial 
return for 
unquestioned 


full refund 


Three-year 
unconditional 
| warranty, 
| any cause, 
we will repair 
or replace. 


New OmniKey"/102 Model 
Also Available . . . $99.00 
For those who prefer Northgate's 


OmniKey/102, an up-dated version 
now joins our line. Same trial offer. 


NUMERIC KEYPAD ... 

With all the math operands In 
place around the numbers. Large 
INS. DEL and ENTER Keys. Has 
lighted Indicators above pad. 


URSOR!SCREEN KEYPAD ... 
Ath arrows in familar diamond 
attern. No need to hit Num 
ock or hold down Shift Key. 
nd we “nuked” the inverted T, 


eatures of OmniKey PLUS. 


Phone Toll Free 


800-526-2446 


HOURS: Mon-Fri 7am-8pm, Sat. 8am-4pm Central 


Northgate Computer Systeme, Inc. 
13706 Firs! Averwe North 
Piyrhooth, Minneacts 55441 


Wt fas you!” 


r 
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same 3-year warranty. 


Yes. Ship my OmniKey orderis). 
| understand | may use it for 

10 days and if | wish. may return 
it for full product cost refund. 

| agree to pay for freight 

both ways. 

Northgate will accept COD 
and purchase orders from 
creditworthy buyers for quan- 
titles totalling $500.00 or 
greater. Dealer and distributors: 
for quantity prices phone our 
corporate headquarters 
612-553-0734. 

FAX orders to 612-553-1695, 


SHIPPING: Allow 5 days for 

order processing before ship- 

ment. Thereafter, shipments 

can be: 

Ww UPS Ground add $7.00 ea. 

allow 2-3 weeks tor delivery 

@ Overnight Air add $25.00 ea. 

ва Second Day Air add 512.00 ea. 
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Northgate Computer Systems, Inc. 
13705 First Avenue North. Plymouth. Minnesota 55441 
Name 
Company 
Ship tc address 


Cty 
Phone 


opa B Type 


TOTAL OF ORDER 
“Yoo neget apercif'y which caine pou биеп} АШТЫМ caties acd $75.00 wa 
Comeatibilicy Motes: Please read before placing your order 


Omnium PLUS is made compatiok through s combmabon of dip 
wach SAILINGS and the proper connecung cable "We mas; know the 
computer imahe ac] клк yey will be tang rh Сутент PLUS 
Cxhorwise we cance qnare 


base 
Prepaid amount enclosed $ 
Pleace charge to my: L| Visa (| MasterCard 
Card No. Expires. 


Signature af Cardhohder 


(My signature authortnes a charge to my accoant los Uer above merchandise poor 
tr shipping bo initiate peocexsing of my oedar i) 
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IBM SPECIAL ISSUE 


SQL: A DATABASE 
LANGUAGE SEQUEL 
TO dBASE 


A look at SQL's command structure shows why 
it's likely to become a new standard 


Mark L. Van Name and Bill Catchings 


or many years, dBASE has been the dominant 
microcomputer database language. While 
dBASE undoubtedly still has a long life ahead 
of it, another database language, SQL (pro- 
nounced "sequel"), is emerging as a second 
standard for both database servers and stand-alone microcom- 
puter databases. 

SQL has for several years been the standard language for 
mainframe and minicomputer relational database systems. As 
such, it offers microcomputer users a single language for both 
stand-alone and host databases. SQL is particularly good for 
working with such host or server databases, in large part be- 
cause it can manipulate groups of records at a time—an impor- 
tant capability when you're reading records over a network. 

SQL also tries to minimize the effort that a database pro- 
grammer must expend to retrieve data. It is а nonprocedural 
language: You tell a SQL database system what data you need, 
not how to get that data. 

SQL is not, however, a full application development lan- 
guage like dBASE. While many SQL vendors have added pro- 
gramming extensions to the language, it's designed to work in 
conjunction with such traditional programming languages as 
COBOL, Pascal, PL/I, ot C. 


A Long History 

SQL has been around since 1974-1975, when IBM developed 
the first version, SEQUEL (for Structured English Query Lan- 
guage), at the company's San Jose research center as part of a 
prototype relational database system, SEQUEL-XRM, A sec- 
ond version, SEQUEL/2, followed in 1976-1977 as part of 
IBM's System R relational database prototype. 

SQL emerged from the research world in 1979 in a commer- 
cial database system, Oracle, from Oracle Corp. (then Rela- 
tlona] Software). Oracle actually beat IBM to market with 
SQL, but IBM brought out its own products in the early 
198Gs—first SQL/DS for DOS/VSE mainframes, and then 
DB2 for MVS systems. 


Where IBM goes, others are sure to follow; today, over 100 
vendors offer versions of SOL. SQL microcomputer implemen- 
tations abound, including IBM's OS/2 Extended Edition Data- 
base Manager, Oracle Corp.'s Oracle, Relational Technol- 
ogy's INGRES, the Sybase/Microsoft/Ashton-Tate SQL 
Server, the SQL component of dBASE IV, and Gupta Technol- 
ogies’ 501 Ваѕе, 

All these versions follow, to at least some degree, a SQL 
standard that the X3H2 Database Committee of ANSI started 
developing in 1982. That group's initial proposal, which ANSI 
ratified in 1986, was very similar to IBM's DB2 dialect of 
SQL. 


SQL*s Many Faces 

The ANSI SQL standard establishes a common target for the 
many SQL vendors, but it by no means precisely defines a sin- 
gle, all-inclusive language. In fact, no two versions of SQL. 
cven those that are ANSI-compatible, are identical. The differ- 
ences berween SQL versions are due largely to the two different 
ways in which users and programmers must work with SQL. 

Most SQL. database vendors offer one or more interactive 
utilities that accept SQL. With such tools a user can, for exam- 
plc, write a SQL statement that requests the records of all the 
salespeople in Minneapolis, and then see those records. The 
dialects of such interactive products generally follow the A NSI 
standard, but they cannot do so completely. 

That inability isn’t the fault of the vendors; the ANSI stan- 
dard doesn't define an interactive version of SQL. Instead, it 
concentrates оп making SQL work with such traditional] pro- 
gramming languages as COBOL and Р.Л. The standard actu- 
ally defines two different ways for SQL to work in program- 
ming languages. 

Differences between interactive and programming language 
versions of SQL are almost unavoidable because of the way the 
two environments must bangle multiple records that satisfy а 
single request. An interactive environment can just display 

continued 
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those records in a suitable format, hiding any programming de- 
tails from the user. But a programmer must contend with a lim- 
itation of most traditional languages: They are not designed for 
procedures that return a variable number of records. as SOL 
statements Can. 

in the following discussion of SQL statements, we'll use a 
syntax much like what you would find in an interactive SQL 
utility. Then we'll explain how the ANSI standard lets you use 
SOL statements in a programming language. Because SQL is a 
large and comprehensive language, and one whose complete ex- 
planation has filled many books, we will necessarily cover 
only its key parts. They should serve, however, to illustrate 
how SQL works and what you can do with it. 


Data by Definition 

SQL is in a sense two languages in one: It's a data definition 
language (DDL), with which you can define a database, and it's 
also a data manipulation language (DML), with which you can 
manipulate the records in that database. We'll start with the 
DDL. 

SOL is based on the relational database model, where a data- 
base is a collection of one or more named tables. Each table is 
an unordered collection of rows, each of which has a fixed num- 
ber of columns. Each column has a heading (name) and a data 
type. ANSI SQL defines three basic data types: character 
strings, exact numbers, and approximate numbers—roughly 
the strings, integers, and floating-point numbers of most pro- 

ing languages. 

Obviously, these tables, rows, and columns have analogs in 
traditional files, records, and fields. But they differ in that SQL 
lacks an order for the rows in a table. If you ask for al] the rows 
that satisfy some criteria, SOL will return those rows to you in 
an implementarion-specific order—and it won't necessarily 
maintain that ordering in subsequent queries. If you want to get 
the rows back in a specific order, Mars a SQL verb that lets 
you do so. 

Unlike the rows, the columns in a table do maintain the order 
in which you define them. That order is important primarily to 
the INSERT command, which we'll discuss later. 

In addition to permitting you to define individual tables, any 
relational system must enable you to relate those tables. When 
you want to express a relationship between rows in two tables, 
you use values in columns. Consider the following two simpli- 
fied tables: 


Table Name; Employees 
Columns: Employes,Id, LastName, 
First Кате, Address, City, 
State, Zip 
Table Name: Dependents 
Columns: Employee Id, Last. Name, 
First Name 


To make "Donald Smith" a dependent of "Judith Smith," you 
put Judith Smith's employee ID in the Employee Id column of 
Donald Smith's dependent row. The two columns that form the 
relationship—in this case, the Employee. Id column in each 
table— must have the sarne data type. 

While you use this mechanism to relate rows, in SQL you 
never define such relationships. Instead, you define the tables 
and columns and then use the relationship in record retrievals 
when you need it. 

SQL translates the relational database model into a database 
definition with several DDL statements. A SQL database defi- 
nition is a group consisting of one or more schemata. A schema 
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is a definition of the part of the database that each user owns. 
For example, the SQL statement 


CREATE SCHEMA AUTHORIZATION USERL 


creates a schema that USER] owns. 

Once you've created a schema, you can define its tables, all 
of which start out empty. To define the two sample tables from 
above, you would issue the following commands: 


GREATE TABLE Employees 
( Employee Id DECIMAL(5) NOT NULL UNIQUE, 


Last Neme CHAR(15), 
First Name CHAR(15), 
Address CHAR(15), 
city CHAR(15), 
State CHAR(2), 
Zip CHAR(10) ) 


CREATE TABLE Dependents 
( Employee Id DECIMAL(5) NOT NULL, 
First_Name CHAR(15) ) 


Each CREATE TABLE statement gives the table's name, along 
with the name and data types of cach of that table's columns. 
Each table in each schema must have a unique name. It is 
possible, however, for two tables in two different schemata to 
have the same name. When that happens, you distinguish those 


tables by referring to them with the qualified form U. T, where 
U is the name of the nser who owns the schema and T is the 
table’s name. So, if there were another Employees table in a 
different schema, you might refer to your table as USERI- 
Employees. EN а 

You refer to columns іп а similarly qualified form, Т.С, 
where T is the table name and C is the column name. (You can 
sometimes omit the T qualifier when the context makes it clear 
to SQL which column you want.) Thus, Employees. Last_ 
Name and Dependenta.Last, Name identify two of the fields in 
our exemple. We could still further qualify Employees, as in 
USER1.Employees.Last Name, if there were a second Employ- 
ees table in another schema. 

We introduced two new elements in these examples: NOT 
NULL and UNIQUE. Any row can be missing the value for any 
column unless the definition of that column includes a NOT 
NULL qualifier. Because we wanted to force every row in both 
tables to include at least an employee ID, we made those col- 
umns NOT NULL. The UNIQUE qualifier on Employees. En- 
ployee_id forces every row in the Employees table to have a 
unique employee ID. You can use this qualifier only on col- 

NOT NULL. 


umns that are 


Other Commands 
With the statements described above, you can define a complete 
ANSI SQL database. There are, however, a few other impor- 

tant DDL commands. 
The CREATE VIEW statement lets you define a subset of a 
continued 
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table. A view i» a subset of the columns of a table and, option- 
ally, a query that selects a subset of the table’s rows, If, for 
example. we wanted a view that listed the employee IDs and last 
names of ali employees who live tn Florida, we would enter 


CREATE VIEW Fleridians ( Employee. та, Last Name ) 
AG SELECT Emplogoee Id, Let Мате 
FROM Employees 
WIERE State = 'FL' 


Note that the SELECT statement defines a query that picks the 
rows we wanted. 

Once you define a view, you can treat it almost as if it were 
another table. The only difference is that SQL doesn’t let you 
update the rows of certain classes of views; basically, you can 
update rows in any view whose columns al] come from a single 
table, as long as it includes all the NOT NULL columns from 
that table. 

SOL's DDL also contains a statement, GRANT, which con- 
trois database security, The GRANT statement has the follow- 
ing form: 


GRANT «operation» ON «table» TO <user> 


In this statement, «operation» is one or more of the SQL 
DML verbs (such as SELECT or INSERT). For example, 
USERI could let USER2 query the Employees table by entering 


GRANT SELECT ON Employees TO USER2 


As it stands, this statement doesn’t let USER? pass on this 
ability to other users. To add that ability, you must append the 
WITH GRANT OPTION clause: 


GRANT SELECT ON Employees TO USERZ WITH GRANT OPTION 


You can alse take shoricuts. You can let a user do anything to 
à table by replacing «operation» with ALL. And you can open 
a table to all users by using PUBLIC instead of a user name. 


After the Definition: DML 

Once you've defined a database, you can begin working on it. 
SQL has four main DML verbs: INSERT, SELECT, UPDATE, 
and DELETE. All these verbs can work on more than one row 
at a time. 

The SELECT statement is the heart of the language. It lets 
you query the database. Its result is essentially an unnamed, 
temporary relation that contains the data you requested. The 
SELECT staternent follows this pattern: 


SELECT «selection» 
FROM — «table líist^ 
&optional query» 


Here, «seleotlon» is the list of fields that you want, and 
«table lisi» is a comma-separated list of the tables that 
you're using in the query. 

If you wanted all the rows of the Dependents table, for exam- 
ple. you would enter 


SELECT Employee Id, Last Name, First Name 
FROM Dependenta 


There are several other options for performing even this simple 
query. To avoid individually listing all the columns in a table 
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when you want them all. you can rcplace <seleetion> with an 
asterisk (4). Thug, another way to express thc above query is аз 
follows: 


BELZCT * 
FROM Dependenta 


By default, SELECT will return to you all the rows that 
match the query criteria that you present. even if some of those 
rows are completely redundant. In our example, if two parcnts 
work together and thc company storcs cach dopendent row 
twice (once for each parent), the above query would return 
those redundant rows. To eliminate them, you add the DIS- 
TINCT qualifier: 


SELECT DISTINCT * 
FROM Dependents 


If you want to be sure to retain those rows, you can use the ALL 
qualifier in place of DISTINCT, but ALL is the default. 

Some queries naturally span several tables. If, for example, 
you wanted the first names of all dependents of employees in 
Florida, you would need to use the following, more compli- 
cated SELECT: 


SELECT Dependents.First Name 
FROM Dependents, Employees 
WHERE ( Employees.State = 'FL' ) 
AND ( Employees.Enmployee Id = 
Dependents.Employes Id ) 


This example illustrates several more options. First, you're 
retrieving from more than one table, so you must list both tables 
in the FROM clause. Next, because there's a F1ret. Name field 
in both tables, you have to qualify which one you want. Finally, 
you're now using the «optional query? clause. This clause 
can be far more complex than space permits us to cover fully 
here, but a few key portions are worth noting. 

For a standard query, you first use the keyword WHERE and 
then give a Boolean expression that identifies the rows you 
want. That expression can contain groups of comparison 
clauses much like those of most programming languages, 
which you can separate and group by using AND, OR, and pa- 
rentheses. The parentheses in the above example aren't neces- 
sary, but they make the query easier to read. 

The comparisons in a WHERE clause can involve a field and 
a value, or two fields. In our example, the first comparison 
chooses employees whose state is 'FL'. The second compari- 
son is more complicated; it performs what relational systems 
call a join. A join lets you choose matching rows in two differ- 
ent tables. In this example, we ask for all the Dependents 
whose Employee Id column matches the Employee. Id column 
in any Employee record—in other words, the dependents of all 
employees. The SQL system puts these two clauses together so 
that you get only dependents of employees in Florida. 

Joins can be very expensive because they can retrieve many 
rows; in this example, finding the dependents of all employees 
could take a lot of time. The SQL philosophy is that you should 
state the query you want and leave lo the system the task of fig- 
uring out an efficient way to retrieve the data. In this exampie, 
it's more effective for the system first to find all employees in 
Florida and then to join those rows to their dependents' rows, 
rather than to do the join first. 

The problem of determining how best to execute a SELECT 
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s Product No. ВАХТОО (PC/XTs) $175 (OK List) 

m Product No. BR3000 (Models 25/30) $175 (OK List) 


At Boca Research, we're committed to memory. For more information on these and ather 
Boca Research solutions, see your local computer dealer. 


6401 Congress Avenue, Boca Raton, FL 33487. © Phone: 407/997-6227 * FAX: 407/997-0918 


Epes set eae BOCARAM/AT VO PLUS, BOCARAM/AT, BOCARAM/XT. and BOC АН АМДЫ arg tradenarke of Boca Research, inc. АЛ other — ai Copyright O69 Bora اسلا‎ ine 
and peripherals use trademarks owned by their r eapective manufacturers, Boca Research, inc. 
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SQL: A DATABASE LANGUAGE SEQUEL TO dBASE 


query is called query optimization, and it’s an area in which 
SOL vendors are constantly trying to best one another. Most 
SQL systems algo have guidelines that help yuu (rame your quc- 
ries in a way that the cyetem is most likely to exccutc cfficicnily , 
but those guidelines vary widely. 

Our example will return the First Names we wanted, but 
the order in which they will appear is unknown. We can control 
that order with the OR DER BY option. The query 


SELECT Dependenta.First. Name 
FROM Dependents, Employees 
WHERE ( Employees.State = 'FL' ) 
AND ( Employses.Employee Id = 
Dependents.Employee Id ) 
ORDER BY Dependents .First_ Name ASL 


returns the first names in ascending order, Because ASC (for 
ascending) is the default in an ORDER BY clause, we could 
have omitted it here and produced the same result. To see the 
names in descending order, replace ASC with DESC. 

There’s much more to the SELECT statement; you can nest 
selects, group results, and compute functions like MIN, MAX, 
and AVG over the groups, and you can execute many other 
functions. You can also use more complicated comparison ор- 
erators, including range checks and partial string matches. 

Three other SQL verbs let you manipulate the rows in a table. 
You add new rows to a table with the INSERT statement. In its 
simplest form, you just give a table name and the values for the 
columns of the new row. The statement 


INSERT INTO Dependents 
VALUES ( 55816, 'Jones', ' Fred! ) 


creates a new dependent, Fred Jones, for employee 55816. Be- 
cause SQL remembers the order of a table’s columns, we don't 
need to include any column names. If you want to insert the 
column values in a different order, you can list the columns, 
after the table name, in that new order, as in 


INSERT INTO Dependents ( First Name, Last Name, 
Employee I8 j 
VALUES ( 'Fred', 'Jones', 55816 ) 


You can also leave any columns nui? that the tabie's defini- 
tion allows. To omit the first name from the new row above, use 
the NULL keyword: 


INSERT INTO Dependents ( FirstName, Last Name, 
Employee Id ) 
VALUES ( NULL, 'Jones', 55816 ) 


You can use a more complicated form of INSERT to insert 
multiple rows at once. This form uses a SELECT statement as 
the source of its rows. For example, if we had a temporary 
table, Temporary, whose definition had only First Name and 
Last Name fields, we could use the following INSERT state- 
ment io fill it with the names of all Florida employees: 


INSERT INTO Temporary ( Last Name, First Наме ) 
SELECT Last_Name, First Name 
FHÜM Employees 
WHERE Employees.State = 'FL' 

You can change valnes in specific rows with (he UPDATE 
statement. UPDATE uses a WHERE clause just like the one in 
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SELECT to identify the row or rows that you wan in change. 
For example, if the last name of employee 55815 changes to 
Joncs-Smith, you can make that correction in all dependent 
records with the statement 


UPDATE Dependents 
SET Last Name - ! Jones-5mi th! 
WIERE Employee_Id = 55816 


The DELETE statement similarly uses a WHERE clause to 
identify the rows that you want to remove. To delete all depen- 
dents for employee 55816, enter 


DELETE FROM Dependents 
WHERE Employee, Id = 45816 


Obviously, with this kind of power you have to be careful. If 
you leave off the W HERE clause, as in 


DELETE FROM Dependents 


you delete all the rows in the Dependents table. The table defi- 
nition itself remains, but the rows are gone. Fortunately, SQL 
also defines some transaction controls that provide a way to 
undo marry errors. 

A SQL transaction is a series of one or more coramands that 
can end either normally or abnormally. If a transaction ends 
normally, all its commands are done. If a transaction ends ab- 
normally, then none of its commands are done. The SQL sys- 
tem guarantees that the database is never in an inconsistent 
state (1.6., а state where one or more transactions are partially 
done). 

To end a transaction normally, we use the verb COMMIT. 
COMMIT WORK completes the current transaction. It also ef- 
fectively starts a new transaction; you're always working in a 
transaction. 

Its counterpart is ROLLBACK; ROLLBACK WORK cancels 
all the database changes of the current transaction. The data- 
base then appears as it would if the transaction had never oc- 
curred. By using ROLLBACK right after our earlier accidental 
deletion, you could undo that mistake. 


SQL in Programming Languages 

The SQL standard concentrates un making the SOL commands 
work with traditional programming languages. It offers twv 
ways to do this. 

The less frequently used approach is called the module lan- 
guage. In it, you write a module that consists of a header and a 
series of procedures. The procedures contain only parameter 
definitions and one or more SQL statements. 

For example, a module that lets us perform our simple DE- 
LETE might be 


MODULE Deletion. Work LANGUAGE PLI AUTHORIZATION 
USER 
PROCEDURE Delete.Deps 

SQILOODE; 

Emp.Id DECIMAL(5); 

DELETE FROM Dependents 

WHERE Dependents. Employee_Id = 

Enp.Id; 


Emp. Id is a parameter that will contain the ID of the employee 
whose dependents we want to delctc. Note the special 
Continiseud 


Video Solutions. 


Whatever your video requirements... 
look to Boca Research for 
the solution. 


VGA by BOCA — “When ti comes fo performance, the 
16-bit Boca VGA board is our recommendation. " 
—Lou Reda, VP/Operations, Chevco Computing Co. 


a 16/8-bit PC bus auto-selected 

a All standard VGA resolutions; up to 256 colors 

a Offers 100% IBM VGA, EGA, CGA, MDA, and Hercules 
Graphics Card register level compatibility 

m Auto-selects either monochrome or color VGA monitor 

a Product No. VGA001 $345 (List) 


MULTI-EGA by BOCA — "/ts performance places the 
MultiEGA solidly in ihe top tier of the enhanced 


EGA boards..." 
—BYTE, Curtis Franklin, Jr, March, 1988 


m Supports 640 x 480 16-color extended EGA resolution 

a Offers 100% IBM EGA, ССА, MDA, and Hercules 
Graphics Card compatibility 

s Delivers crisp 132 columns x 43 lines text display 

= Software drivers provided for Windows and AutoCAD 

s Product No. EGA480 $299 (List) 


EGA by BOCA — *...the EGA by BOCA... 10% faster 
than any other card we tested." 
—Computer Graphics Today 


m Supports standard 640 x 350 EGA resolution 

s Offers 100% IBM EGA, CGA, MDA, and Hercules 
Graphics Card compatibility 

в Displays 16 simultaneous colors from a palette of 64 

в 720 x 348 monochrome graphics resolution 

s Product No. EGA350 $249 (List) 


DUAL GRAPHICS ADAPTER — "Boca has done a 
quality job... DGA packs display circuitry plus VO features 
into one compact, half-card.” 

—Byron Druss, Product Manager, Robec Distributors 


а Supports IBM CGA, MDA, and Hercules Graphics Card 
m 640 x 200 color resolution; 720 x 348 monochrome 

в Standard 25-pin parallel port included 

w Product No. DGAOO1 $99 (List) 


At Boca Research, we're committed to video. For more information on these and other 
Boca Research solutions, see your local computer dealer. 
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VGA by BOCA, MULTI-EGA by BOCA, EGA by BOCA, and DUAL GRAPHICS ADAPTER are trademarks of Boca Research, loc. Allotherrelarences lo computer syalems, software, and panpherale 
are Fademarka owned by their respective manufacturers D Copyright 1989 Boca Research, inc. 
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parameter SQLCODE; SQL requires this parameter in every 
procedure, When the procedure finishes, SOLCONE will còn- 
tain the result of the operation —positive for success, and nega- 
tive for failure. 

We could then call this procedure from a program in the 
usual way. In PL/I, it would be 


CALL Delete, Deps ( return codé, 55816 ) : 


Real modules would, of course, contain many more compii- 
cated procedures, but they would follow the same framework 
as our example. 

The big advantage of the module language is that it requires 
very little from the host programming language. A new SQL- 
specific compiler can compile the module into an appropriate 
form, and then the host language needs only to be able to call 
and link to the module's procedures. Most systems support 
some form of cross-language procedure calls, so these require- 
ments are easy to meet. 

However, the module language is not very satisfactory, be- 
cause you must write and compile all your SQL statements sep- 
aratelv. To provide a more unified programming environment, 
the SQL standard also includes a series of appendixes that de- 
fine embedded versions of SQL. for several languages. 

An embedded version is designed to fit more smoothly into 
the language itself. It would be possible for vendors to imple- 
ment embedded SQL by changing the compiler, but, instead, 
most provide preprocessors that convert embedded SOL into 
more-primitive calls that the underlying database system un- 
derstands. 

Embedded SQL lets you put SQL statements in the middle of 
ordinary code by prefixing those statements with EXEC SQL. 
Por example, we could use embedded SQL to replace the above 
CALL to the SQL procedure with this code fragment: 


EXEC SQL DELETE FROM Dependents 
WHERE Dependents.Employee_Id = 55816; 


Most SQL vendors today offer embedded SQL for one or more 
languages. 

The one remaining problem for SQL in programming lan- 
guages lies in dealing with multiple rows. SQL solves this prob- 
lem with a simple technique borrowed from traditional file pro- 
cessing: It defines a cursor that marks the current position in 
the group of result rows. 

You declare a cursor by giving the SELECT statement that 
defines it. A cursor for the example that selected the first 
names of dependents of Floridian employees would look like 
the following: 


EXEC SQL DECLARE Ci CURSOR FOR 
SELECT Dependents, First_Name 
FROM Dependents, Employees 
WHERE ( Employees.State = 'FL' } 
AND { Employees.Employee_Id = 
Dependents. Employee_id ) 
ORDER BY Dependents.First. Name ASC ; 


You can also include variables in these definitions, as long as 
you first declare those variables in a special SQL declaration 
section. To make this example work for any state, you could use 
the following: 


EXEC SQL BEGIN DECLARE SECTION; 
DCL state CHAR(2); 
182 
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DCL name OlAR(15), 
EXEC SQL END DECLARE OLUTION 


EXEC SQL DECLARE C1 CURSOR FOR 
GELECT Dependents. FirstName 
FROM Dependents, Employees 
WHERE ( Employees.Stete = :state } 
AND ( Employees.Empioyee Id = 
Dependents.Employce Id ) 
ORDER DY Dependents.Fírst Name ASC; 


The colon in front of state in the SELECT staternent identifies 
state as a variable. (We'll consider the other variable, name, 
below.) 

Once you've defined a cursor, you treat it much hike a file. 
First you open it, and then you can cycle through its rows unti] 
there are no more. You could retrieve all the Floridian depen- 
dents using the above cursor in only a few statements, as the 
following pseudocode dernonstrates (we ignore error checking 
here to save space). 


/* pick the state 

you want */ 

ж tell SQL to 
perform the query */ 
DO WHILE «more employees» |* read all rows 

the query retrieved */ 
EXEC SQL FETCH C1 INTO :name; /* now do what 
you will vith 
the name you 
retrieved */ 


state = 'FL!'; 


EXEC SQL OPEN C1; 


END; 
EXEC SQL CLOSE C1; 


You can treat these three EXEC SQL options ОРЕМ, 
FETCH, and CLOSE—much like typical file open, read, and 
close statements. 

Once you're on a record, you can change it with UPDATE or 
delete it with DELETE; both commands have embedded SOL 
versions that work on the current cursor row. Again, this is 
much like traditional file operations. You finish your work in 
the usua] SQL way, with à COMMIT or ROLLBACK (pre- 
fixed, of course, by EXEC SQL). 


The Rest of the Story 

SQL is a large and powerful language, and we've hit on only 
the high points. While it may at first seem intimidating, SQL is 
similar to many of the file-querying tools that users have had on 
microcomputers for years. Once you're familiar with the 
SELECT statement, SOL's embedded versions closely теѕегп- 
blc traditional file-processing functions. 

SQL lets an organization use a single language to link its 
microcomputer, minicomputer, and mainframe databases. It is 
also the language that virtually all the announced LAN data- 
base servers support. As such links to host and server data- 
bases become more important, SQL will emerge as the second 
microcomputer database language standard. Ш 


Mark L. Van Name, a BYTE consulting editor, and Bilt Catch- 
ings are independent computer consultants and freelance writ- 
ers based in Raleigh, North Carolina. You can reach them on 
BIX us "mvanname " and "wbcJ," respectively. 


Micro Channel Solutions. 


Whatever your Micro Channel requirements... 
Boca Research answers with 
the right solutions. 


BOCARAM.MCA 502 — "...the product that 
answers the need for total IBM compatibility.” 
—Neil Peterman, U.S. Operations, M & S Elektronik 


2MB Expanded/Extended Memory 

ІВМ ID and 100% TRAM compatibility 

Zero wait state operation (1Mb 100ns DIPs) 
Supports DOS, OS/2, and LIM/EMS 4.0 
Product No. BAMC20 $245 (OK List) 


BOCARAM 50/60 — "For the price-conscious, 

we suggest the Boca Research Bocaram 50/60 
X JI ...an excellent value." 

NEN —InfoWorld 


s Extended memory up to 4MB per board 

s One wait state for compatibility with IBM 
PS/2 Models 50 and 60 

Supports DOS, OS/2, and EMS applications 
LIM/EMS Emulation 

Utilizes 1Mb 120ns DIPs 

Product No. BRS000 $295 (OK List) 


BOCA.MCA PARALLEL —- "A superior value 


at an economical price. " 
—Tom Pliska, President, Compu Sales, Inc. 


a 100% IBM Micro Channel compatibility 

a Single parallel port addressable as LPT1-3 
a Custom-designed VLSI chip technology 

в Product No. BMCPO1 $110 (List) 


BOCA.MCA SERIAL/PARALLEL — 

"The only quality Micro Channel product as a 
generic alternative.” 

—James C. Brown, President, Micro Supply, Inc. 
10095 IBM Micro Channel compatibility 
Provides 3 poris for maximum slot usage 
Two serial ports addressable as COM1-B 
One paralle! port addressable as LPT1-3 
Custom designed VLSI chip technology 
Product No. BMCPS2 $210 (List) 


At Boca Research, we're committed to the Micro Channel. For more information on these and other 
Boca Research solutions, see your local computer dealer. 
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RESEARCH INC 
6401 Congress Avenue, Boca Raton, FL 33487 • Phone: 407/997-6227 * FAX: 407/997-0918 


BOCARAM MCA SOZ, БОСАНАМ 560, BOCA. MCA PARALLEL, ~<a MCA SERIAL/FARALLEL are trademarks of Boca Research, Inc, АЛ other references to er systems, ig 
and peripherals use trademarks owned by Iheir respective manutacture б Copyright 1988 Boca Researc 
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Introducing a better 
way {0 аблае oU 


However you use your network, a file 
server power problem can really cost you. 
In downtime. Lost data. 
And frustration. 

That's why we've intro- 
duced two new Novell- 
compatible uninterruptible 
power systems (UPS) designed speciti- 
cally to protect your file server, your whole 
mom Р 

re compact enough to fit under 
a desk. Powerful enough for a file server 
or your entire LAN—even those with 
multiple drives and terminals. 

And they’re priced less than even one 
hour of downtime. 

Available through your local Disrriburor: Pioneer "йзге Group 


(800) 227-1693, Avnet Compuler Technologies (800) 877-2225, 
RMA Micmich (314) 726-1195 


Most important, the UPS 600 and 
UPS 1250 come from Emerson, the 
most reliable name in computer power 


systems. | 

See how easy it can be to 
protect your whole family Just call us at 
1-800-Back UPS today 


EMERSON UPS 
We protect the ones you love. 


С 1980 Emerson Computer Hwee a diviso of the Emerson Electnc Co, 
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UNIX FILENAMES 


FOR 


TURBO PASCAL 


Metaname is a simple unit that provides the flexibility 
of Unix filenames for Turbo Pascal programs 


051 Operating systems 

| permit the use of wild- 

M card characters, or теїа- 

ters, in commands 

that make reference to 

files. Metacharacters allow you to refer 

to certain files as a group, rather than 

having to specify the individual file- 

names, Unix, however, provides a more 

sophisticated way of specifying file- 
names than DOS does. 

MS-DOS has just two meta- 
characters, ж and ?, The + 
character represents any se- 
quence of zero or more char- 
acters, and ? represents any 
single character, (MS-DOS 
filenames cannot contain the 
characters " /AV(] : 1 | <> —+ 
2;.,9*and?.) 

In the Unix operating sys- 
tem, there are five metachar- 
acters: « ? [] -. The x char- 
acter matches any sequence of 
Zero or more characters, in- 
cluding the period, and can be 
followed by other characters. 
The symbol ? matches any 
single character. The remain- 
ing three metacharacters are 
used to define character 
classes. Character classes are 
just sets of characters, and 
they're described by a syntax 
similar to that used for sets in 
Pascal. For example, the 
character class [akp-z6] in- 
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cludes the characters a, k, p through z 
(inclusive), and 6. 

Note the special meaning of the hy- 
phen in this example. When it appears in 
a character class between two other char- 
acters, the hyphen is interpreted as a 
range indicator. The hyphen may also be 
interpreted literally. This occurs if it ap- 
pears as the first or last character in a 
character class, or if it appears outside 


the character-class specification. For ex- 
ample, the character class »—* matches 
all filenames that contain a hyphen, 
while ?[-0-9]* matches all filenames 
that have a hyphen or a digit in position 2. 
The hyphen has a sort of dual nature; de- 
pending on the context, it may be inter- 
preted as either a metacharacter or a lit- 
eral. For the sake of convenience, I'll 
refer to file masks containing metachar- 
acters as metacharacter ex- 
pressions, 

Given a metacharacter ex- 
pression for filenames, how 
can you tell if a particular 
filename matches the pat- 
tern? 1°}! discuss an algorithm 
to answer this in the next sec- 
tion and then describe a 
Turbo Pascal unit that imple- 
ments the file-matching algo- 
rithm. Using the Metaname 
unit (described in detail 
later), a Turbo Pascal pro- 
gram can use Unix metachar- 
acters in filename searches. 
This is illustrated in a simple 
demo program that accompa- 
nies the source code for this 
article. 


Finite Autometa 

In automata theory, a lan- 

guage is defined as any col- 

lection of strings. In this 

context, a metacharacter 
continued 
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Figure 1: A nondeterministic finite automaton that accepts the metacharacier 
expression f#fd~2]#[2¥2). 


Table 1: Operation of the finite automaton in figure 1 on the input string 
fuzzy. 


State aot 


fuzzy fol 
uzzy "i 
22у {1,2} 
zy [1.23] 
y [1.2,3) 


{1,2,3] 


expression such as f*(d-2]?? describes 
a language—namely, the language of all 
strings that fit the implied pattern. To de- 
termine whether a filename is in the lan- 
guage L associated with a metacharacter 
expression, ГІ] use a language-recogni- 
tion device called a finire automaton or 
finite state machine, This device takcs a 
string as input, perforrns some computa- 
tions, and then signals whether or not the 
string is in the language £. 

Were it not for the metacharacter x, 
filename matching would be easy. To de- 
termine whether a filename matches the 
expression f[aeiou)?, for example, you 
would only need to check that the file- 
name begins with f, contains a vowel in 
the next position, and terminates after 
the third character. 

Once you include x in the metachar- 
acter repertoire, however, file matching 
becomes more complicated. To see why, 
consider what happens if the metachar- 
acter expression is f*[d-z]*(xye] and 
the filename is fuzzy. It's casy to sce 
that the leading characters match, but 
what about the second character? Should 
the и be matched to the metacharacter +, 
or should it be assigned to the character 
class [d-2]? When considering how to 
match the third character, 2, you again 
have two options. You have to be pre- 
pared to manage several simultaneous 
decision paths when seeking a possible 
match. Understanding finite automata is 
helpful in understanding the element of 
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nondeterminism introduced by the meta- 
character x. 

Perhaps the best way to illustrate how 
a finite automaton works is through an 
example. Figure 1 shows the finite au- 
tomaton fot the metacharacter expression 
f*[d-z]4[xyz]. The automaton consists 
of states, labeled sọ through s3, and 
labeled arcs connecting the states. The 
labels on the arcs indicate which charac- 
ters permit a transition from one state to 
the next. In any automaton, there are two 
special states. State s, is called the start 
state, because this is the state in which 
the automaton begins operating. State s; 
is the final state. In a certain sense, the 
final state represents the goa] of the com- 
putation. Most often, the start state is in- 
dicated with an arrow, whilc the final 
state 1s drawn as a double circle. 

The process of running a finite autom- 
aton is something like navigating through 
a maze. [n a maze, there are prescribed 
start and stop positions, and restrictions 
on which direction you can go from any 
point. Moreover, it's not always clear 
which choice of direction will bring you 
to the desired goal. In a finite autornaton, 
there are designated start and final 
stales, and restrictions on when you can 
move from one state to another. As in à 
maze, there may be several states to 
move to under some circumstances, and 
ihe proper choice may become clear only 
in retrospect. 

Initially, the automaton is in state s,. 
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Thereafter, characters are read from the 
input string one at з time, Each time a 
character is read, the automaton makes a 
transition from some state s, to some state 
3, if the arcs pormit it. For а given input 
character, there may be no legal transi- 
tions. exactly one, or more than оле, 

For example, if the automaton is in 
state г, and the input character is q, the 
machine can either stay in s, (using the 
arc labeled ж) or move to sz. The opera- 
tion of the automaton is not determined 
solely by the input string, because the 
machine can sometimes "choose" which 
state to enter next. For this reason, au- 
tomata such as this are referred to as non- 
deterministic finite automata. 

If there's some way to move from the 
start state to the final state such that tbe 
final statc is entered after the last input 
character has been read, the finite au- 
tomaton “accepts” the string; otherwise, 
it's rejected. For the automaton in figure 
1, with the input string fuzzy, the proper 
choice of transitions yields the sequence 
89-35,-35,-2$,-554-954. Several other se- 
quences are possible—for example, s; 
-»,-53,-25,-»5,-»5,—but none of these 
leave the automaton in state 54 when all 
input has been consumed. 

For a given automaton and input 
string, how can you tell whether there's a 
sequence of transitions that takes the ma- 


A unning 


a finite automaton is 
like navigating 
through a maze. 


chine from its start state to its final state? 
One solution involves keeping a list of all 
the possible states the automaton can be 
in, on the basis of the input characters 
read thus far. If this state list contains the 
final state after all input has been read, 
then there must be some sequence of 
transitions that takes the autornaton from 
the start state to the fina] state, and the 
string should be accepted. 

If the final state doesn't appear in the 
final state list, the string is rejected. 
Table 1 illustrates this process for the au- 
tomaton that is shown in figure 1. Since 
the order of states in the list isn't impor- 
tant, vou cam use a set representation for 

continued 


Before you give your 
next presentation, 
press this button. 


Tum Desktop Presentations 
Into Conference Room Power 
Your desktop computer is 
one of the best tools around 
for creating great presen- 
tation images. Now Video- 
Show® can take those im- 
ages into the conference 
room where you'll really 
impress your audience with 
high-resolution presentations 
in up to 100,000 brilliant 
colors on screen. And it’s as 
easy as pressing a button. 
Create impressive images 
with your favorite graphics 
or presentation software like 
Lotus® Freelance Plus® 
Aldus® Persuasion™, 


Harvard™ Graphics, or 
Microsoft® PowerPoint™. Then take your presenta- 


tion diskette into the conference room, insert it into 
VideoShow, and press the button. 

VideoShow turns your images into exciting, board- 
room-quality presentations with dynamic transition 
effects, all in brilliant full color. Even if you've creat- 
ed your images on a monochrome system. 

And your computer stays in your office while 
you re in the conference room. Just connect Video- 
Show to a color monitor or large-screen video pro- 
jector. Insert your presentation disk, and press the 
button. 


Easy On Your Budget 


There's a VideoShow electronic presentation sys- 
tem to fit every office, every budget, and every 


VideoShow c wireless renate conim! puts you in complete 
command of your presentation. 


presentation need. And 
VideoShow can operate as 
the cornerstone of a full sys- 
tem for creating presenta- 
tions in a variety of media. 


Brilliant Slides, Too 


When you need profes- 
sional quality high-resolu- 
tion slides, simply add 
PhotoMetric® SlideMaker® 
to turn your great images 
into great slides. At your 
desk. No service bureaus. 
No guesswork. No delays. 
No problems. 


And Instant Overheads 
VideoShow with Print- 
Maker® software and a color printer, produces 
sharp, brilliantly 
colored overhead 
transparencies 
and hardcopy 
handouts. Easily 
and instantly. 


PROFIT CENTERS 
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Quarterly Operating Profita 
tome fG) 


You have to 
see VideoShow 
to believe it. 
Call today 
800-223-0999, 


VideoShew is un electronic presentation unit far 
oustanding presentanons in fhe conference mom, 
Presentation images may be created with a РСТАТ 
Р512® ог Macintosh, 


Trademark Owner. Aldus, Persuaun/ Aldus C orporadiory, Mucan 


Computer. Im: PhouMeinc, Рета ав се, S adea; mora 
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Regular Expressions 


regular expression is a compact no- 

tation fur describing sets of strings 
that have a patiern to them. These pat- 
terms are formed by taking primitive 
strings, such as single characters and 
the empty string, and repeatedly apply- 
ing them to operations of alternation. 
concatenation, and repetition. 

Regular expressions are formed from 
the combination of metacharacters with 
standard characters, For example, the 
expression (1«]-)? [0-9] . ?[0-9]« 
matches a decimal number with an op- 
tional sign and optional fractional part, 
and the expression (AB)4C matches 
ABC, ABABC, АВАВАВС, and so on. 

The Unix editors and utilities use reg- 
ular expressions extensively. In fact, 
there's a utility called grep (for global 
regular-expression printer) that does 
nothing morc than find all strings in a 
file that match a given regular expres- 
sion. Unfortunately, the way regular ex- 
pressions are used under Unix is some- 
what inconsistent. 

The Unix shell—the part of the oper- 
atng system that resides between the 
kernel and the user—interprets regular 
expressions differently from grep, text 
editors, and other text-based utilities. 
For example, if you invoke the file-list- 


states instead of a list, as is done here. 
Since the final state, 54, is in the last state 
set, the string fuzzy is indeed accepted 
by this autornaton. 

Now that I’ve described how a finite 
automaton operates, I should discuss how 
to construct an automaton from a meta- 
character expression. For the purpose of 
this discussion, I will refer to the parts of 
а metacharacter expression—the symbols 
x and ?, character classes, and single 
characters not in a class—as subexpres- 
sions. The algorithm to build the autorn- 
aton goes as follows: 


1. Begin with a start state sg. Let n = 
0 


2. Read the next subexpression from 
the metacharacter expression. If 
it's a +, draw an atc labeled « from s, 
to itself. Otherwise, create a new 
State Saes, draw an arc labeled with 
the subexpression from s, to 5,4, 
and increment л by one unit. 

3. Repeat step 2 until the entire 
metacharacter expression has been 
read. State s, then gives the final 
state of the automaton. 
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ing utility 1s with 1s [ob]*, the shell 
interprets [аъ] as (о U bYanything)s, 
the set of strings that begin with a or b. 
But grep interprets [ab] # as the regular 
expression (a U b)»; that is, as strings 
of length zcro or greater that consist ex- 
clusively of a's and b's. Since every line 
in a file contains the zero-length mem- 
ber of this set, the grep command will 
print out every line in the file. When 
using regular expressions under Unix, 
it’s important to keep in mind whether 
you're dealing with the shell or with a 
utility. 


Formally Defined 

To form a regular expression, begin 
with a set of characters E, called an al- 
phabet. The regular expressions over al- 
phabet E are defined as follows: 


1. The empty string e is a regular 
expression. Ány single character a 
in E is a regular expression. 

2. [f risa regular expression, so are 
re and (ғ). 

3. If r, and ғ, are regular expressions, 
$0 are rir, and r, Û г. 


Associated with each regular expres- 
sion г js a language, denoted by Lr). 


This algorithm only applies to finite 
automata that recognize metacharacter 
expressions, These expressions, and the 
languages they generate, are but a small 
subclass of the so-called regular expres- 
sions and regular languages (see the text 
box "Regular Expressions’ above). 
Some regular languages are quite com- 
plex, and constructing finite automata 
that recognize them is no simple matter. 
The relationship between finite automata 
and regular languages is well under- 
stood, however, and there are algorithms 
to answer almost every question relating 
to them. References 1, 2, and 3 contain 
comprehensive discussions of automata 
and languages. 


Implementation 

The algorithms given so far for automa- 
ton construction and operation are simple 
enough to master without much practice. 
They're also simple enough to easily im- 
plement in software. Moreover, there is a 
direct way to represent this sort of finite 
automata in Pascal. One consequence of 
the algorithm given earlier is that no 
state in the machine will have more than 
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The definition of £n. tike the defiui- 
tion af regular expressions. is recursive: 


1. (c) = fe}, the language consisting 
of the empty string. Also, L(a} = 
la] for each a in E. 

2. L(r«) = (Lir))*. The expression on 
the right (the Kleene closure) i5 
formed by concatenating zero or 
more strings in L(r). Parentheses 
around a regular expression don't 
affect the language it denotes, so 
L((r)) = Цр). 

3. Мру) = Lr Lr), and Lir, U 
rj) = А) U Lra). The first 
relation says that Lr) is obtained 
by constructing all strings of the 
form 5,55, where s, is in Lir,) and s, 
is in L(r;). The second says that 
L(r, & r3) is the union of the 
languages L(r,) and #7). 


It's customary to give « the highest 
precedence in regular expressions, con- 
catenation the next highest, and union 
the lowest. The usual precedences can 
be overridden by using parentheses. 
Under this convention, you have Ма U 
Брес) = Ца) U L(b)L(b)sL(c) = {a,be, 
bbc.bbbc, , ..}, while L((a U b)bsc) = 
fac,bc,abc, bbc, . . .]. 


two outgoing arcs. Also, the automaton 
cannot have more than 12 states, since 
DOS filenames are limited to 12 charac- 
ters. This means that you can represent 
the automaton as an array of records: 


var Aras : аггау[0..11] of 
record 
setl,set2 : set of char; 
Next5tatel,NextState2 ; 
0..11 
end; 


The fields seti and set2 arc the sets of 
characters associated with the outgoing 
arcs from a particular state; NextStatel 
and NextState2 arc the states that these 
outgoing arcs lead to. For the finite au- 
tomaton shown in figure |, you have 


Ares[1].seti1 := AllChaers; 
Ares[1].set2 :- [d..z]; 
Ares[1],NextStatel := 1; 
Arcs[1].NextStatez2 :« 2; 


where AllChars is the entire set of 
ASCH characters. if a state has only onc 
continued 
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outgoing arc, then setz is emply. The 
final stata hac no outgoing arcc, го bath 
£811 and set? are empry tor ihe Пла! 
TALE. 

Having decided what data structure to 
usc for the automaton, you can then write 
procedures to construct and run the au- 
tomaton. The procedure MakeAutomaton 
accepts a mctacharacler expression as 
input and generates as output a finite au- 
lomaton thal accepts the associated lan- 
guage, Procedure Accept takes a file 
name as input and returns а Boolean 
valuc (true or false, indicating whether 
the automaton created by MakeAuto- 
maton accepts the filename). 

I've written a Turbo Pascal 4.0 unit 
Called Netaname, in which T have asscm- 
bled the procedures NMakeAutomaton, Ас" 
cept, and some required support code. 
Actualiy, MakeAutomaton and Accept 
don't appear in the interface portion of 
this unit at all. Since the only purpose in 
constructing automata is зо match file- 
names with metacharacier expressions. 
there's по good reason to even mention 
automata in code that uses Metaname. 

The user should be able to specify a 
wild-card expression and use the unit to 


here isa 


direct way to represent 
this sort of finite 
automata in Pascal, 
Lame an | 


find matching filenames. To this end, 1 
have written two procedures, called 
MatahPirst and MatchNext. These pro- 
cedurcs have thc same calling sequence 
as the Turbo Pascal file search proce 
dures FindFirst and FindNext, but 
they accept Unix metacharacter expres- 
sions rather than just DOS wild cards. 
The interface section of the Metaname 
unit i$ as follows: 


interface 
uses DOS; 
Procedure MetchFirst(Path: 
String; 
Attr: Word; var 5: 
Searcnnec); 


Procedure MatehNext(var 5: 
GearchRss) ; 


The first argument of procedure 
MatchFirst specifies the path and meta- 
character expression you want to match. 
A legal value for the variable Path might 
be TPAYPROGRAMS|«PGM[0-9]x. The 
Path string doesn't have to be uppercase; 
MatchFirst pertorms case conversion 
automatically, The variable Attr gives 
the attribute of the file you're seeking: 
read-only. archive. directory. or what- 
ever. If a match is found, information 
about the matching file is returned in the 
record variable S. The record type 
SearehRee (which is declared in the 
standard unit DOS) contains fields for 
the filename, size, date of creation. and 
file attributes. 

If MatchFiret succeeds, you can in- 
yoke the procedure MatchNext to find 
the next matching file. These procedures 
return error codes through the DOS unit 
variable DosError. If the path argument 
in MatchFiret references a nonexistent 
directory, DosError is set to 2. [f either 
MatchFirst or MatchNext fails to finda 

continued 
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match, DosError is set to 18. Ef no error 
occurs. DosError is 0. To find all 
matching filenames, call MatenFirst, 
and if it returns without error, cal 
MatchNext until DosError is nonzero. 


Using the Metaname Unit 

To use Unix metacharacters in a Turbo 
Pascal 4.0 program, you need only in- 
clude the Metaname and DOS units in the 
uses clause at the beginning of the pro- 
gram. After that, you can invoke Match- 
First and MatenNext in the same way 
that you would call FindFirst and Find- 
Next. 

There are some points to keep in mind 
when using the Metaname unit, To main- 
tain strict compatibility with Unix file 
operations, the metacharacters x and ? 
match all characters when used in a file- 
name search, including the period. If you 
want MatchFirst and MatchNext tc be 
upwardly compatible with DOS wild- 
card matching, you should include the 
statement ($DEFINE DOSCOMPAT} near 
the beginning of the Metaname unit. This 
will exclude the period from the set of 
characters that x and ? match. 

Also importent to know is that the 


Metaname unit doesn't perform any syn- 
tax checking on metacharacter expres- 
sions. If you try to match filenames to 
something like ] (-?, be prepared to suf- 
fer for your transgressions. 

When using character classes, remern- 
ber that the first and last characters in a 
range obey ASCII ordering. If you spec- 
ify a class like [16-24], you won't get 
the numerals 16 to 24, but rather the digit 
1, tbe range 6-2 (whatever that is), and 
the digit 4. On most Unix systems, a 
range in which the second character has a 
lower ordinal number than the first is 
processed by including the two charac- 
ters into the class. With this interpreta- 
tion, the class [16-24] is the same as 
[1246]. This approach is used here. 

[f you wish, you can use the code in 
Metaname to perform string matching on 
objects other than filenames. If you de- 
cide to do this, you will have to change 
the value of the MaxStates variable ac- 
cordingly, and you will need to modify 
the getchar function if you want to en- 
able case sensitivity. 

With a modest amount of program- 
ming effort, you can write stand-alone 
programs to copy, move, delete, or list 


groups of files described by Unix meta- 
character conventions. Once you've be- 
come accustomed to Unix file conven- 
lions, you may not want to move back to 
DOS wild cards again! B 


Editor's note: Metaname is available in a 
variety af formats. See page 3 for details. 
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HICH LAN? 


Understanding the strengths and weaknesses of the popular 
LAN connection options helps you get the system that fits your needs 


ANs are spreading like 
wildfire because they of- 
fer computing power that 
rivals that of minicom- 
| puter and mainframe іп- 
stallations at a fraction of the cost. When 
choosing a LAN, however, you have to 
take care that you don't get burned. 

While the business benefits of LANs 
are numerous, so too are the connection 
options available. You can 
choose from over 20 network 
operating systems that work 
with hardware from more 
than 60 ARCnet, 50 Ethernet, 
and 20 Token Ring vendors. 
The key to simplifying your 
choice js to acquire a good un- 
derstanding of the basic LAN 
technologies and the bench- 
marks used to measure them. 
This article presents an over- 
view of the most common 
LAN connection hardware 
and outlines how you should 
evaluate a LAN. 


Roots of Connectivity 

Linking computers to share 
information 15 nothing new. 
The technology for most of 
today's LANs was created in 
the 1970s by minicomputer 
companies. As with most new 
technologies, the absence of 
standards led vendors to de- 
velop proprietary answers to 
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problems of connectivity. 

While many connection solutions 
exist, only a few enjoy widespread sup- 
port in today’s microcomputer LAN 
market. Two of the more popular—ARC- 
net and Ethernet—are minicomputer 
connection solutions that have become 
standards in the LAN market. A later ar- 
rival on the scene is Token Ring, which 
can be considered a third-generation pro- 
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tocol and connection design. Backed by 
IBM, Token Ring is expected to rival 
Ethernet in the Fortune 1000 market. 


Following Protocol 
Selecting the proper LAN hardware has a 
direct impact on the performance and 
flexibility of the final LAN configura- 
tion. ARCnet, Ethernet, and Token Ring 
all have advantages and disadvantages 
you must consider in selecting 
equipment appropriate to you. 
What may be applicable for 
one implementation may not 
be the best choice for another. 
Understanding some basic 
design aspects of each proto- 
col is important for making 
informed judgments. Table 1 
summarizes ARCnet, Ether- 
net, and Token Ring. 


ARCnet 
Datapoint Corp. originally 
developed ARCnet to permit 
Datapoint accounting cquip- 
ment to exchange data in real 
time. Because Datapoint con- 
trols the hardware specifica- 
tions and protocols of ARC- 
net, thé microcomputer LAN 
version is virtually identical 
to the minicomputer imple- 
mentation. The popularity of 
ARCnet in LANs today is a 
result of the simplicity of its 
cominued 
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Table 1: Prices reflect the average retail cost of one board and one driver—they do not reflect the casi gf other 


camponents of the LAN. 
LAN FEATURES AND SPECIFICATIONS 
Protocol Transfer rate Maximum Cost per Access Media types Attributes 
(megabits per packet size connection 
second) (bytes) 
ARCnet 2.5 512 $200 Token-passinc Coaxial, unshielded Inexpensive; reliable; 
twisted-pair, fiber-optic broad vendor support 
Ethernet 10 1.5K $400 CSMA/CD Thinsthick coaxial, Fast; broad vendor 
unshielded twisted-pair support: IEEE standard 
| Token Ring 4/16 4K $400/$700 Token-passing Shieldad/unshielded Extensive features; IBM 
twisted- pair support; IEEE standard 


ARCNET TRANSMISSION PROTOCOL 
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Receive token | 
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Pass token 
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data transfers. 


maintenance and low eost per node. 

ARCnet uses a taken-passing protocol 
implemented with 2 combination of dedi- 
cated communication controllers and hy- 
brid interface components. ARCnet’s 
basic star, or hub, topology and straight- 
far ward node configuration make it easy 
to install and debug. You can assign a 
network nude one of 255 unique address- 
es by setting the configuration switches 
on the network interface card. 

The ARCnet protocol is simple. On 
power-up, each node determines its 
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Figure 1: The “free buffer?” query heips ensure the reliability of ARCnet 
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order on the node list. The token starts at 
the node with the lowest station ID, 
which cither initiates communication or 
passes the token to the neat-higher nu- 
meric station. When a station with the 
token wants to transmit data, it initiates 
the ARCnet transmit protocol. 

Before transmitting, a station must en- 
sure that the target station has a buffer 
available to receive the next packet. It 
transmits a "free buffer?" inquiry to the 
destination station. If the destination has 
a buffer available, it sends an acknow]- 
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edgment (ACK); the sending station then 
transmits the packet (see figure 1). If no 
buffer is available, the destination station 
returns a negative acknowledgment 
(МАК). Most ARCnet adapters have 2K- 
byte buffer memories, which hold four 
packets. This limitation can cause net- 
work performance to suffer when a busy 
node has no free buffers. In particular, a 
central server will often indicate a "no 
buffer" condition under heavy network 
traffic conditions. 

After transmitting or receiving a nega- 
tive acknowledgment, the sending station 
passes the token. Having built-in hard- 
ware support that helps ensure reliable 
packet delivery differentiates ARCnet 
from other LANs. 

Adding and subtracting nodes is sim- 
ple with ARCnet. Anytime the addition 
or subtraction of a node changes the se- 
quence of active-node IDs, the network 
halts data transfer operations and recon- 
figures the network. These processes re- 
quire only several hundred milliseconds 
to complete, but the network is down for 
this time. Thus, a network adapter that 
fails sporadically can bring the network 
to a standstill. 


Ethernet 
Developed by Xerox in cooperation with 
Digital Equipment Corp. and Intel to in- 
tcrconnect DEC minicomputers, Ether- 
net has become a popular LAN for 
microcomputers. It is noted for superior 
performance and wide vendor suppurt. 
Ethernet’s dialogue on the network is 
much simpler than that of ARCnet be- 
cause it supports larger buffers and 
CSMA/CD architecture. Unlike token- 
passing architectures, CSMA/CD places 
no restrictions on when data is trans- 
mitted; any station can transmit at any 
time. When two or more stations trans- 
mit data simultaneously, a collision oc- 
curs thal can corrupt the data from each 
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station. The data-link layer detects colli- 
sions and resolves the contention by hav- 
ing each station wait for a random period 
before retransmitting (see figure 2). 
Severe problems can occur on a 
CSMA/CD network when an adapter be- 
gins to fail and "jabbers" constantly. In 
this case, the network will be flooded 
with junk transmissions, causing almost 
constant collisions. To resolve this type 
of problem, the failing adapter must be 
removed as soon as it is identified. 


Token Ring 

Token Ring was developed by IBM in the 
early 1980s and is defined by the IEEE 
802.5 standard. It was designed to sup- 
port a broad variety of host machines, in- 
cluding mainframes as well as smaller 
computers such as PCs. Token Ring uses 
a token-passing technique that ensures a 
flat performance curve, regardless of the 
volume of traffic on the network (see fig- 
ure 3). The Token Ring multiple-access- 
control-level protocol is richer in its node 
addressability than is ARCnet (48 bits 
versus 8 bits). It also has integrated rout- 
ing and priority mechanisms that let you 
optimize any configuration. Token Ring 
has no data-link mechanism for assuring 
that the destination node has a receive 
buffer available; this is handled at higher 
levels by software. 


Architectural Comparisons 
Token-passing adherents and fans of 
CSMA/CD have a nearly religious devo- 
tion to their favorite access method. The 
"token-passers" are quick io point out 
that a CSMA/CD architecture can theo- 
retically be brought to its knees by the 
collision arbitration scheme. On the 
other side, the "collision detectors" note 
that token-passing architectures are pe- 
nalized in a client-server configuration 
where the predominant flow of data is 
from the server to the client nodes. The 
server must wait its turn while the work- 
stations process the token; hence, token 
passing is deterministically slow. 

In reality, both architectures suffer 
under heavy loads. A heavily loaded 
CSMA/CD network experiences perfor- 
mance degradation due to the increased 
number of collisions. Similarly, a token- 
passing network begins to suffer in a 
heavily loaded environment due to full 
buffers at busy receiving stations. This 
situation 1s an especially serious one for 
ARCnet installations because most 
adapters can buffer only four packets. 

The only generalization that you can 
make based on architecture is that, al- 
though both collision detection and token 

continued 
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Figure 2: Starions detect collisions by listening for their own packets. If a packet 
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Figure 3: Token Ring is relatively simple at the physical and data-link layers, 
thus minimizing the traffic needed to establish communications. 
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LAN Yardsticks 


T he goal of a LAN benchmark is to 
determine à single performance in- 
dex for a LAN implementation. With 
LANs, however, it is important to 
understand that many components from 
different vendors contribute to the gen- 
eration of a performance metric. To 
achieve optimum performance, you'll 
have to configure your system with 
components from many vendors. 

You can simplify the problem of mea- 
suring the performance of a multiven- 
dor LAN configuration by ranking the 
components in the order of their impact 
op LAN performance in relation to the 
target application environment. In a 
database environment, for example, the 
record-locking mechanism is likely to 
be the most significant factor in network 
performance. Thus, you can optimize 
performance by selecting fast disk 
drives and by configuring servers and 
EE with as much cache mem- 

as possible, 
isted below, in the order of their im- 
pact, are the factors that determine the 
performance of a generalized LAN 
implementation. 


1. Multiple access control (record 
locking) 

1. Hardware configuration 

3. Network operating-system 
inefficiency 

4. Application inefficiency 

5. Driver/network interface card 
inefficiency 

6. DOS inefficiency 

7. Protocol overhead 


Applications Impact 

To a great extent, the observed perfor- 
mance in any configuration depends on 
the type of application. For applications 
such as word processing, you will ob- 
serve virtually no performance differ- 
ence at an individual node regardless of 
the size of the network. For a database 
application, the observed performance 
will be greatly affected by the number 
of nodes in the network because of the 
logical record contention that’s inherent 
in апу complex multiuser file-access 
system. 

In addition to the impact of the appli- 
cation, the exact hardware configura- 
tion can greatly impact the observed 
performance. The raw thronghput of 
the LAN medium is important, but the 


CPU speeds of individual nodes, the 
speeds of file server disks, the amount 
of cache memory, and other important 
factors all have an impact on the ob- 
served throughput in some way. 


Benchmark Fallacies 

Reported test values are often based on 
single-workstation (i.c. , one file server, 
one workstation) configurations. While 
these values are reported correctly, you 
should not extrapolate the same perfor- 
mance levels across a multistation con- 
figuration. More representative perfor- 
mance figures can be derived from 6- to 
10-workstation configurations, which 
is closer to the reported average number 
of nodes per network. 

Too often, reported test results favor 
the evaluation of a single component of 
the LAN (е.р., a network card or file 
server) and do not reflect observable 
performance in a user application envi- 
ronment. The results from а READ! 
OVERLAY operation are typical of 
these types of tests. In this case, a single 
user file is cached at the server (and par- 
Lally cached at the workstation), and 
the same data block is repeatedly read 
in a timed test. While this test may give 
some indication of the efficiency of the 
network interface card and driver, it 
doesn't reflect the I/O pattern of any 
known application. 

In addition, many tests use 4096 bytes 
as a standard I/O size. This model does 


not fit most PC applications and gives — 


results that are difficult to correlate io 
user applications. Tests modeled closer 
lo а user application give more realistic 
results. 

The best performance tool for any 
LAN evaluation is utilization of the tar- 
get application itself. Only with this ap- 
plication can you accurately model the 
performance of the LAN. While any 
performance values generated by using 
this tool will be accurate, muitistation 
tests are difficult to simulate because of 
the lack of a mechanism to automate and 
synchronize the stations. 

Understanding all the factors in- 
volved in performance numbers is im- 
portani in making a valid decision on 
your best network configuration. When 
choosing a LAN, be sure to consider 
how closely any reported tests reflect 
your application environment. Don't 
foilow the numbers blindly. 
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passing work fine in a typical office envi- 
ronment, token passing is superior for 
process control applications that require 
real-time control over data delivery. 


Hard Numbers 

Quantifying the performance of a net- 
work is difficult because there is no ac- 
cepted standard for determining LAN 
performance metrics. In lieu of a stan- 
dard, I used common utilities to deter- 
mine simple performance metrics for 
ARCnet, Ethernet, and Token Ring. The 
tests used simple DOS utilities on identi- 
cal equipment to obtain a baseline per- 
formance metric for each technology. 
This provided a mean performance de- 
termination that normalized the effects 
of disk speed, workstation CPU speed, 
and server caching features. In all cases, 
I installed Tiara network adapters on a 
LAN using Novell's NetWare 2.12. 

The first test copied the entire server 
disk across the network to the source sta- 
tion and determined the average K-bytes- 
per-second throughput. The second test 
used Novell's PERFORM2. Table 2 lists 
the results of the tests. 

Observed performance in a LAN re- 
suits from the complex interaction of 
many subcomponents within the LAN 
configuration. In evaluating complete 
systems, you should use tests that assess 
the impact of subcomponents such as net- 
work interface cards, workstation mem- 
ory configurations, and CPU speed. See 
the text box "LAN Yardsticks" at left for 
more on evaluation. 


Standards Issues 
Standards have become more important 
as the LAN industry has matured. Fortu- 
nately, ARCnet, Ethernet, and Token 
Ring are all defined by a controlling 
body or standard that states exactly how 
the technology should be implemented. 
Ethernet and Token Ring are defined 
by IEEE 802 (LAN technologies) com- 
mittees. Specifically, the Ethernet pro- 
tocol falls under the auspices of the 802.3 
(CSMA/CD) committee, and Token 
Ring is controlled by the 802.5 commit- 
tee. These committees have generated 
design specifications for their respective 
technologies; any product claiming to 
support опе of these connection types 
must adhere to these specifications. 
ARCnet is different: Datapoint acts as 
the controlling body for any implementa 
tion of ARCnet. Datapoint has final ap- 
proval over all hardware implementa- 
tions of the ARCnet technology to the 
point of being responsible for the micro- 
code of all new ARCnet communication 
conrinued 
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Sharing Information 
Whatever your industry, your computers 
need to share information with your 
mainframe. Or, they need to exchange 
data with other computers. In either 
case, you need a total communications 
solution. You need software, hardware 
interfaces and modems that all work 
together smoothly. You need CLEO! 
CLEO software products allow your 
computer to communicate with mini- 
computers and mainframes, and to 
emulate their workstations. Since 1981, 
CLEO has provided communications 
between micros, minis, and mainframes 
for the automotive, insurance, medical 
and banking industries. Today over 
78,000 CLEO users worldwide are 
running on all major computer brands. 
The greatest number of these users run 
CLEO software on IBM Personal 
Computers and NETBIOS LANs. 


Complete 

Software/Hardware Package 

Every CLEO package contains all the 
software and hardware accessories 
you'll need. Your selected CLEO SNA, 
BSC, or Coax software is packaged with 
1) an internal modem card for dial-up 
applications, or 2) an interface card and 


cable for use with your existing modem, 


ot 3) a Coax card for local connectivity. 
There's no waiting for non-CLEO 


add-ons. And, you get prompt, single- 


for most stand-alone "mes. i up to 
$1,995.00 for the 32-user SNÀ gateway. 


CLEO is your SNA, BSC and Coax Gateway 
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your application. 
CLEO Software 
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Canada: 514/484-8787 
International: 815/397-8110 


Sales and Distribution: 
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Table 2: The network consisted of a Compag Deskpro 386/20 server. three 12- 


MHz 80286 workstations, two I0- MHz 80286 wo. 


tutions, and one HMH? 


80286 workstation. As expected, ARCnet trailed Ethernet and Token Ring in 
performance, Ethernet's superior showing probably reflects the configuration 
of the LAN rather than any inherent superiority over Token Ring. 


LAN TESTING RESULTS 
Connection typa Server-io-station PERFORMZ2 
ARCnet 200K bytea/second 197K Gytes/second 
Ethernet 450K bytes/secand 97 TK bytes/'second 
Token Ring 230K bytes/second 192K bytes/eecond 
{4 magabite/second) 


Note: 16 nega blared not avaiable 


controllers. Thus, ARCnet has remained 
"pure" even though it is not controlled 
by any governing standards body. 


Best Choice? 

There is no "best" LAN configuration 
per se. You have to weigh the importance 
of cost; performance, and functionality 
in configuring your installation. Each 
connection type has its good and bad 
points. 
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If cost is a driving concern for your 
LAN configuration, ARCnet is a good 
choice. No other LAN connection inter- 
face offers a “standard” product for such 
a low cost per node. ARCnet is simple to 
install and features very acceptable per- 
formance, especially in a typical office 
environment that on average contains 
fewer than 20 nodes. 

If performance is a major concern, 
you should consider Ethernet. Because of 


DESKTOP PUBLISHING — 
Binders—Holds 
6 issues, Opens 
flat for easy 
1664 X 1200 Resolution reading. 
~ а Shades Of Gray n DWO 
= 95, OF 
TMS 34010 Graphics Processor four for $35.95. 


Circle 286 on Reader Service Card 


Maul to: jesse jones Industries, 
Depe. BY, 499 East Erie. Awe., 


its CSMA/CD architecture, some people 
question Ethernet’s ability to deliver 
high performance under a heavy work 
load. In all practicality, however, Ether- 
net performs very well in most situa- 
tions. Ethernet costs more than an ARC- 
net installation, but thc speed and con- 
nectivity features offset the higher price. 

Token Ring provides good perfor- 
mance connections plus features such as 
simple connectivity to mainframe sys- 
tems, simplified bridging for large net- 
works, and more sophisticated protocol- 
tuning mechanisms. For full-featured 
networks, Token Ring is the technology 
of choice. 

ARCnet, Ethernet, and Token Ring 
thrive in today's marketplace because 
each satisfies the requirements of certain 
customers. As long as you know your re- 
quirements, you will be able to select the 
connection option that's best for you. 8i 


Richard Watson is vice president of engi- 
neering/development for Tiara Computer 
Systems of Mountain View, California, 
which produces hardware and software 
products for LANs, He can be reached on 
ВІХ c/o "editors. " 
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THE LANGUAGE 
OF LASERS 


PostScript and PCL establish a range of page-description languages 
while newcomer CaPSL fills in the middle 


hen Hewlett-Packard in- 
troduced its printer-con- 
W trol language (PCL) level 
1 with its first LaserJet 
printer, the company es- 
tablished the first standard for page- 
description languages (PDLs). But even 
after three revisions, PCL level 4 is an 
aging standard, challenged by two nota- 
ble alternatives: Canon's newcomer 
CaPSL and Adobe's sophisti- _ > 
cated PostScript. | 
The good news for laser- 
printer users is that each tech- 
nology performs its job dif- 
ferently as a high-level printer 
language. Clear choices exist 
in a market where perfor- 
mance strides are a tradition 
(see the text box “Rigid Grids 
Spawned Today's PDLs” on 
pape 206). 


HP’s PCL level 4 

PCL level 4 can place black 
text at any location on a page, 
and page elements can be 
drawn in any order. Layouts 
begin at the upper left corner 
of the page, but application 
software isn't forced to create 
a page from top to bottom. 
For example, a program 
could draw s black border to 
define a copy block before the 
text is actually printed (see 
table Іа). 


ILLUSTR ATION: LYN BOYER PENNINGTON © 1989 


Kent Quirk 


But PCL offers only bit-mapped fonts 
that cannot be scaled or rotated (although 
landscape fonts are available). PCL can't 
execute drawing commands more com- 
plicated than horizontal and vertical 
lines, which it implements as filled rect- 
angles. It supports a few levels of gray 
(but not continuous shading) and several 
pattern fills for rectangular areas. 


You begin nearly all PCL commands 


by typing ESC followed by a punctuation 
mark and a letter. Numeric parameters 
and a terminating letter may follow. PCL 
considers any other character printable 
text. 

PCL prints raster images using pixel 
replication to change resolutions. It sup- 
perts macros and overlays to create fre- 
quently used logos and forms. 

a images must be handled 
by the CPU, which will gen- 
erate a bit map and then print 
the figure. However, using 
the CPU for rasterization 
means larger code sizes, 
longer image transmission 
times, and a waste of CPU re- 
sources. For example, to print 
text at an odd angle, you must 
choose a host-resident font, 
draw the font into a bit map, 
and transmit the entire bit 
map as an image. 


Canon’s CaPSL 
CaPSL, released last June, 
draws any shade of gray, 
places fonts in any orienta- 
tion, and offers a selection of 
plotting commands for vector 
drawing. The language is de- 
signed to quickly transmit 
and execute page descrip- 
tions. 
CaPSL implements a set of 
the ANSI/ISO screen control 
continued 
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commands like those used by the AN- 
SI.SYS device driver and many computer 
terminals. 

The command format is simple: Most 
scquences begin with the command se- 
quence initiator (CSD, which consists of 
the Escape character followed by a left 
square bracket, (CaPSL also provides a 
single-character replacement for the 
CSI.) Following the CSI are parameter 
numbers separated by semicolons. The 
last parameter is followed by an interme- 
diate character and a terminator, which 
together define the function to be exe- 
cuted. CaPSL considers anything not 
part of a command sequence to be print- 
able text (see table 1b). 

For example, CSI 10; 20f instructs the 
printer to begin drawing at row 10, col- 
umn 20 (f is the terminator). These com- 
mand sequences are fast to transmit and 
interpret. They are also extensible while 
remaining within the standard. Unfortu- 
nately, they are difficult to read and pro- 
gram (but this shouldn't hinder most 
users). 

Page layouts originate at the upper left 
corner, The y-axis is inverted from the 
normal Cartesian plane. Coordinate 
measurement is flexible. Positions can 
be specified in several coordinate sys- 
tems. There are horizontal and vertical 
motion indexes, the size of which can be 
set according to each font. Position set- 
tings can be units measured in deci- 
points, mils, hundredths of millimeters, 
ot device dots (1/300 of an inch). 

CaPSL's high-leve] drawing com- 
mands include instructions for lines, 
polylines, rectangles, arcs, circles, ellip- 
ses, quarter-ellipses, and graphics mark- 
ers for line graphs. CaPSL can't combine 
lines and arcs into a single fillable ob- 
ject, nor can it produce nonelliptical 
curves, such as Bezier curves. Although 
restricted to rectangles, cltpping can 
make them precise to the nearest pixel, 
character, or string. 

The language can handle both bit- 
mapped and scalable fonts, including 
outhne-font "hints" that tell the printer 
how to draw a font in a different size. 
CaPSL uses hinted fonts internally. Its 
bit-mapped images can be downloaded as 
either binary or hexadecimal data. It can 
scale these images up through pixel repli- 
cation by a factor of 1, 2, 3, or 4. Scal- 
able-font characters can be scaled, rotat- 
ed, skewed, outlined, shadowed, or 
filled with a pattern. 

Macros include some programming- 
language features. Macros can execute 
other macros, or you can set a macro to 
run a specified number of times without 
conditionals or variables. This is helpful 
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Table 1: The following code samples (a) from HP's PCL level 4, (hb) Canon's 
CaPSL, and (c) Adobe's PostScript each produce text in two differen: fonts 
and create а gray box bordered by Q. H-inch rules. 


DECODING THREE PDLS 


(a) PCL level 4 


Command 

IESC]E 

(ESC](sOT 
[ESC[(s16.66H 
[ESC]&a720v720H 

This was generated 

in HP's PCL using 

the line-printer 

fom at 16.66 cpi. 
[ESC}saT 
[ESC}{s10H 
[ESC}{s3B 
[ESCj&a1440v720H 
This text 16 written 

in Couner Bold at 10 cpi. 
ESCI' p1200x1200Y 
ESCI* c45G 


Reset. 


Action 


Select line printer, 
Select 16.66 pitch. 
Move to 1 Inch (720 decipomts) from top and left. 


Select Courier, 

Select 10 pitch. 

Select bold. 

Move to 2 inches from top. 1 inch from left. 


Move to 4 inches fram top and left. 
Set 45 percent gray scale (HP doesn't have 


a 50 peroent gray). 


IESC|" c300a300B 
[ESC]"c2P 
[ESC]^p1185x1185Y 
[ESC]*c330a30B 
[ESC] "ОР 

[ESC] "c30a300B 
[ESC] "290P 
[ESC1*p1185x1485Y 
[ESC1*c330830B 
[ESC] "0P 
[ESCI"p1485x1185Y 
{ESC} *c30a330B 
[ESC|* cOP 


Box of 1 inch by 1 inch 

Print Ihe gray box. 

Move to corner less width of line. 
Вох 1 inch by 0 1 neh 

Print a black sold rule. 

Box 0,7 inch by 1 inch. 

Print a black sotd rule. 

Move to corner less width of line. 
Box t inch by Q. 1 inch. 

Print a black solid rule. 

Move to corner less width of line 
Box 1 inch by 0.1 inch. 

Pnnt a black solid rule 


and print the page. 


(b) CaPSL 


Command 

{ESC} « 

[ESC)[2&z 

(ESCI[?32h 

(ESCI[?33h 

IESCHOp 

(ESCI[2 1 

[ESCI][11n 
[ESCIPzSwass. ISO USA[ESCIN 
jESCI[100 C 

[ESCI[720; 7208 

This was generated 

in Canon's CaPSL using 
the Swiss font at 10 point. 


in creating forms and logos. (Canon 
printers come with many preloaded 
macros that set up the printer to various 
modes or generate commonly used 
forms.) 


Adobe's PostScript 

PostScript can do things no other printer 
language can do. It offers an elegant and 
highly extensible approach to page gen- 
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Action 

Soft reset. 

Paint memory mode full. 
Enable scaling character seis. 
Enable character set rolation. 
select page format. 

Units are 1/720 of an inch (decipoints) 
Set positional unils to size. 
Select character set. 

Sel 10 point. 

Position to 1,1. 


continued 


eration, especially when an algorithmic 
specification is the only compact way to 
describe an image. But what PostScript 
offers in sophistication, it sacrifices in 
speed— PostScript generally is the slow- 
est of the PDLs. 

PostScript constitutes a complete pro- 
gramming language with features spe- 
cific to generating printed images. Most 
printers accept printable text and embed 
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(FSC]PzDuich-leic.IBO UBAIEGC|! Select alternate character sal. 

IESCI[240 C Sot 24 paint. 

{ESC }[1440; 7204 Position ta 2.2 

This is written 

in 24-point Duteh Italic. 

{ESC}[2880; 2680! Position to 4,4, 

fESCI[O&) Change to virtual device metafile mode 

with current origin, 

#1152] Begin picture. 

oi (152) Set scaling mode (1/72 of an inch like before). 

$!!52] Begin picture body. 

E101 (IS2] Set line type to solid. 

Р108[152] Set line width to 72/720ths of an inch. 

Iti [$2] Set interior style (draw border. fill with gray). 

p BtOCaOBtOCaO0/!52] Draw rectangle. 

41S2] End picture, 

[pfiS2] End VDM mode. 

(c) PostScript | 
| 

Command Action | 


inch į 72 mul | def 
1 inch 10 inch moveta 


Define an inch for easy positioning. 
Position to 1 inch from top (10 inches from bottom). 


| WordPerfect 


‘Helvetica indion Get the font. 

10 scalefont Scale it to 10 point | 
setfont and tell PostScript to use It. | 
(This was generated with 

PostScript in the Helvetica 

font at 10 point.) 

1 ınêh 9 inch moveto Draw the next lexi. 

/Times-Italic findtont Change to Times Roman Дас. 

24 scaleiont setfont 24 point. 

(This is written in 

24-point Times 

Roman Italic.) 

4 inch 7 inch movete Draw tha box. 

1 inch Û плес 

0-1 inch clineto 

= 1 inch 0 rlineto 

closepath We've defined the box as а closed path. 
gsave Remember the path. 

З seigray Use 50 percent gray 

‘ill and fill it. 

grastore Get the path back. 

0.1 inch setlinewicth Use fat lines 

stroke and draw the outline, 

showpage Print the page. 


the specially coded commands 1n the 
data stream. But PostScript reads its data 
stream as a set of commands, so you must 
enclose text in parentheses for it to print. 
A PostScript page description is really a 
program, and the text it generates is just a 
set of strings within that program (see 
table Ic}. 

As а programming language, Post- 
Script is designed to be read and exe- 


cuted in one pass, without backing up. A 
PostScript program usually is machine 
generated, although it is based on a set of 
English keywords. 

The result is a language similar to but 
more readable than Forth. PostScript of- 
fers a stack-oriented architecture, with 
separate dictionaries to hold data and 
code for random access. 

continued 
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150+ high quality fonts and 
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Rigid Grids Spawned Today’s PDLs 


I n the past 10 years, printer manufac- 
turers have steadily developed more- 
sophisticated ways to put marks on 
paper. As printer technology evolved, 
many people changed their ideas about 
what actually is a printer. 

In the mid-1970s, people saw 
printers merely as a means for putting 
text on paper. The output page was an 
imaginary grid, and 4 printer placed 
vertical letters imo boxes within the 
grid. Letters were a fixed size and 
shape, and they generally came from 
fully formed characters. You could 
print pages quickly or prini them to look 
good, but trying to do both required ex- 
pensive equipment. In any case, bold- 
facing was about the only choice for em- 
phasizing text, and you accomplished 
this by changing the daisy wheel or 
overprinting. Languages used to control 
printers were simplistic. A few control 
characters moved the printer carriage 
left, right, up, and down. 

The Diablo 630 daisy-wheel primer 
defined a control-language standard. 
Even today, most word processors and 
many printers support this minimal 
control language. The most expensive 
printers used proportional type for à 
"typeset" look, but few word proces- 
sors took advantage of it. 

The dot-matrix printer evolved as an 
inexpensive way to produce characters 
quickly. Initially, dot-matrix printers 
were considered to have poor quality. 
As recently as the mid-1980s, business 


PostScript's biggest (and for some, de- 
bilitating) problem is that it 1s slow. Opti- 
mization techniques and interpreter aids 
help, but in general, an image produced 
by PostScript takes longer than creating 
the same image in another language. 
Also, most PostScript printers use a 
serial interface, so even simple images 
can reach a bottleneck when you try to 
send them to the printer. 


Imaging Model 

The PostScript imaging model is impor- 
tant. PostScript draws with various 
colors of paint on paper, and the paint is 
opaque. For monochrome printers, the 
paint varies from white through shades of 
pray to black. For color printers, you 
choose the color as relative levels of red, 
green, and blue, or as hue, saturation, 
and brightness, depending on your needs. 


206 Fall 1989 


correspondence relied on daisy-wheel 
printers, despite the heavier weight, 
louder noise, and slower speed. 

But dot-matrix printers offered more 
flexibility. They provided a choice of 
two or three different (if ugly) fonts and 
two or three sizes of text. You could add 
emphasis to words without babysitting 
the printer. Text was still defined as let- 
ters in boxes, but now you could vary 
box sizes and create proportionally 
spaced text. 

As ROM and microprocessor prices 
dropped, dot-matrix printers grew more 
intelligent. Old, one-character control 
sequences became two and three char- 
acters long, but they were generally in- 
vented from whole cloth by the manu- 
facturers. À minimal standard of Epson 
compatibility arrived to keep the peace, 
but most manufacturers added to it in 
little (or not so little) ways. 

The dot-matrix printer defined & 
smaller grid on the page, and you could 
fill any grid location with a dot or leave 
it blank. This meant that PCs could 
draw graphs or characters of arbitrary 
shapes and sizes. Unfortunately, pages 
had to be generated from top to bottom, 
which strained memory and computing 
power, Also, the process was slow, tak- 
ing minutes per page. Resolution was 
poor, typically 72 dots per inch. Worst 
of all, some companies that claimed 
Epson compatibility apparently never 
tested their printers with an appropriate 
program. 


Drawing commands include arcs, 
lines, and Bezier curves. Drawings con- 
sist of a path, which is a set of connected 
or disconnected lines and curves. A path 
can be stroked (i.e., traced with paint). 
Closed paths can be filled (using either 
of two fills), used as a clipping bound- 
ary, smoothed, converted to line seg- 
ments, or processed in various ways. 

PostScript isn't dependent on the out- 
put device's resolution until it draws into 
the bit map with the show, stroke, or fill 
operators. Elements are then converted 
into pixels at the device's resolution. 

PostScript's measurement system 15 
device independent. The default unit is 
the printer's point (1/72 of an inch), and 
the coordinate system is arranged in Car- 
tesian form, with the origin at the lower 
left corner of the page. With a few excep- 
tions, points are first processed through 
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Fonts lacked standardization. It was 
obvious that most programmers and 
printer manufacturers created their own 
fonts. Vendors found thousands of ways 
to make the letter A, and most of the let- 
ters looked bad. Even when individual 
letters were not hideous, they often 
looked unrelated to other characters 
within the same font. 

Later, laser printers and 24-pin dot- 
matrix printers became affordable. 
They offered vastly improved resolu- 
tion, greater intelligence for better 
graphics, and enough resolution to print 
recognizable fonts. Initially, manufac- 
turers packaged standard fixed-width 
typewriter faces, such as Courier and 
Prestige, in proportional and nonpro- 
portional forms. Some vendors sold 
downloadable fonts or font cartridges, 
which provided a variety of fonts at full 
printer speed. Programs using the 
graphics mode to generate interesting 
pages became available. 

Note, however, that printers still di- 
vided printing "text" (now defined as 
horizontally oriented letters in a prede- 
fined font collection) from printing 
"graphics" (which are simply patterns 
of bits). The printing program was still 
bound by the printer's mechanical char- 
acteristics, such as resolution, available 
fonts, and size of font characters. 

Today, with the advent of page- 
description languages (PDLs), a print- 
er's task is evolving further into the job 
of placing marks on a gridless page. 


a translation matrix that lets the pro- 
grammer use any coordinate system with 
two axes on a plane. You can directly ma- 
nipulate this matrix or use scale, transla- 
tion, and rotation operators. 

PostScript typically stores fonts as out- 
lines and then converts them to bit maps 
during printing. A printer font cache 
stores bit maps as they are generated, 
greatly improving text-processing speed 
with reused characters. PostScript fonts 
also function as paths, so you can treat 
letter forms as outlines for special pur- 
poses. 

Font outlines must change with the de- 
vice resolution and point size. Adobe 
fonts resident in PostScript include hints 
that tell the printer how to render out- 
lines for different type sizes. Adobe 
won't reveal how to do this, although it 

continued 


ntroducing the first color 
PostScript printer priced to 
keep you in the black. 


C З d Show-stopping presentations, powerful Limitless Possibilities. The new QMS 
projections and crystal clear calculations in ColorScript 100 Model 10 allows you to have 
The QMS hard copy or transparency form. Everything total control over the final appearance of 
: your business needs to stand out from the your hard copies and transparencies. The 
ColorScript 100 crowd. All in a full spectrum of color for Model 10 includes 35 resident typefaces 
just 9,995. The QMS ColorScript™ 100 that, thanks to PostScript, can be scaled to 
Model 10. Mode! 10 easily connects to your Mac® or virtually any size and shape, Put that 
Just *9995 РС to add full color and the power of true together with its ability to print over 16 
s ° Adobe® PostScript to your business — and, million color variations and you'll see an 
at this price, it helps you stay in the black! ^ entirely new dimension to composition. 
It's another first from QMS® and a 
breakthrough in color PostScript® printers. Exclusive Advantages. The compact 
Model 10 pe you advantages you wont 
find with the competition. For example, PC 
users can put the Model 10 to work without 
adding any additional boards. And Mac 
users simply plug the Model 10 into the 
AppleTalk® port. The Model 10 prints at 300 
dpi for near quality presentations 
that spring to life in colors that adhere to 
PANTONE®* Color Standards. If you need 
to expand your printing capabilities or 
memory, the Model 10 is designed to easily 
accept a 1 MB or 4 MB RAM upgrade. The 
Model 10 also features an SCSI interface that 
makes adding enough memory to store the 
entire PostScript typeface library as simple 
as plugging in a lamp. 


he 1-800-523-2696. If improving your business 
- edge is important to you, call our toll free 

| number for the nearest Laser Connection? 
dealer. Your Laser Connection dealer can 
give you a demonstration and show you 
how the QMS ColorScript 100 Model 10 
will add a colorful dimension to your | 
presentations — and help keep you in 
the black. 


- 
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FEMS DISCUSSED 


PCL level 4 
Hewlett-Packard Co. 
19310 Pruneridge Ave. 
Cupertino, CA 95014 
(800) 752-0900 
Inquiry 911. 


CaPSL 
Canon U.S.A., Inc. 
One Canon Plaza 


Lake Success, NY 11042 
(516) 488-6700 
Inquiry 912. 


PostScript 

Adobe Systems, Inc. 

1585 Charleston Rd. 

P.O. Box 7900 

Mountain View, CA 94039 
(415) 961-4400 

Inquiry 913. 


publishes the raw font metrics (the height 
and width of the individual characters). 
This means that resident fonts in the 
smallest and largest type sizes look bet- 
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ter than a downloaded version of the 
same font. 

Bit-mapped images plague PostScript, 
even though it can scale them into 
arbitrary sizes. Because its input data 
stream cannot handle binary data, this 
data is often sent in hexadecimal form, 
doubling the image size and the trans- 
mission time. 

Given PostScript's abilities, why 
doesn't everyone just go out and buy it? 
Its lack of speed can be impractical, es- 
pecially for systems that generate hun- 
dreds of pages a day, such as print 
servers on large LANs. Unlike Post- 
Script, CaPSL features speed optimiza- 
tions like marker drawing commands 
and image compression. A normal Post- 
Script page description as generated by 
current word processing programs is sig- 
nificantly longer than the same page as 
described by CaPSL or PCL. PostScript 
can't cope with something as simple as a 
PrintScreen key press, because it can't 
handle straight text. Finally, PostScript 
is expensive. Until the recent PostScript 
clones hit the market, PostScript added 
$1000 to $2000 to a printer's cost. 

Products such as Custom Applica- 


Don't Move! 


without telling 


tions’ Freedom of the Press and Laser- 
Go's GoScript now implement Post- 
Script in software on the host computer 
and uen send a bit map to a printer in 
raster-image mode. This approach is 
also slow, but it may be an alternative at 
sites wherc PostScript is used only occa- 
sionally. 

A vast array of software products sup- 
ports PCL, so it's a safe purchase for 
those wanting laser-printer resolution. 
With newcomer CaPSL, Canon is betting 
that a market segment needs more func- 
tionality than PCL but not as much as 
PostScript's. Even if CaPSL becomes a 
contender, powerful PostScript will 
likely remain the technology of choice 
for typesetting and image processing. 
However, as laser-printer processing im- 
proves, the speed and price paps between 
PostScript and its competitors will prob- 
ably continue to shrink. 8 


Kent Quirk is a freelance writer and 
president of Totel Systems, Inc., in 
Westford, Massachusetts, a company that 
develops device drivers and embedded 
software. He can be reached on BIX as 


"kguirk. v? 
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new address and/or name change 


(Please Print) 


Clip out New address, name 
this form Name 
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(or affix the mailing label from your current issue of BYTE here} 
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IBM SPECIAL ISSUE 


A STANDARDS 
DICTIONARY 


Which IBM PC standards have stood the test of time and are working 
well for vendors and users? Here are a few that fill the bill. 


— .. he IBM РС architecture 
has spawned literally 
| hundreds of standards, 
conventions, and com- 
ЕР= mon practices through- 
out the industry. At this point, seven 
years after the introduction of the PC, 
it's worthwhile to take a good look at this 
collection of standards and see how far 
we've come and, by extrapolation, where 
we're going. 

The following list is limited 
to PC- or IBM-specific stan- 
dards (SCSI, for example, 
does not qualify because it 
can be used with virtually any 
machine). And while this list 
has numerous entries, it is by 
no means complete. (Terms 
in italics are discussed under 
their own headings.) 


.ARC File Format 

This is the file format used by 
the ARC file-compression 
program, published by Sys- 
tem Enhancement Associales 
(SEA) of Wayne, New Jersey. 
Programs from several other 
vendors read and write files in 
this format— most notably, 
PKARC and PKPAK utilities 
from PKWare, which added 
to the standard by providing 
additional compression op- 
tions. (Although still avail- 
able on many BBSes, PKARC 
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L. Brett Glass 


and PKPAK have been discontinued due 
to litigation by SEA.) Neither the origi- 
nal ARC program nor the file format is 
PC-specific, but the program gained 
most of its popularity and installed base 
in thc PC marketplace. 


.DBF File Format 
This 15 the file format used by Ashton- 
Tate's dBASE programs. Products from 
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many vendors other than Ashton-Tate 
read and write this format. 


.PCX File Format 

This is the file format for images pro- 
duced by ZSoft's PC Paintbrush (ZSoft 
is in Marietta, GÀ). It's a common 
graphics file format on the PC and is also 
used by most scanners, fax proprams, 
and desktop publishing programs. 


.ZIP File Format 

The file format for PK Ware's 
PKZIP utility, this is a согп- 
pression and archiving pro- 
gram similar to SEA's ARC. 


8514/A Graphics Adapter 
This is IBM's current top-ol- 
the-line graphics adapter. It 
can display 1024 by 768 
pixels in as many as 256 si- 
multaneous colors. A number 
of third-party intelligent 
graphics adapters emulate the 
8514/A as well as providing 
their own sets of graphics 
commands. 


Advanced Hasic Input/ 
Output System (ABIOS) 
The ABIOS is a set of low- 
level routines that is similar to 
the PC's real-mode BIOS, but 
the ABIOS is designed to 
work in protected mode. It 
continued 
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640K-byte "barrier" 


RAM available for 


Figure 1: To remember the difference between EMS memory and exiended memory, 


you can think of the bank-switching process as "expanding " the memory map 


laterally rather than vertically. 


comes standard on every PS/2 machine, 
but it is not present on IBM's older ma- 
chines or on most clones. (See “The IBM 
PC BIOS," April BYTE, for a compre- 
hensive description of the ABIOS and 
how it works.) 


Advanced Program-to-Program 
Communication (APPC) 

The APPC is the part of IBM's System 
Network Architecture (SNA) that allows 
processes on the same or different ma- 
chines to communicate with one another. 
APPC is designed to be implemented on 
a wide variety of hardware. It is some- 
times called LU 6.2; in fact, the two are 
intimately connected but are not the 
same thing. APPC refers to the higher 
layers of the protocol and its application 
program interface (APT), while LU 6.2 
refers to the software that implements 
APPC on a given machine. (For more on 
this protocol, see “A Logical Choice,” 
January BYTE.) 
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Basic Input/Output System (BIOS) 
The BIOS is the heart of the PC and is 
among the most important factors in PC 
compatibility. (For a comprehensive dis- 
cussion, sec “The IBM PC BIOS," April 
BYTE.) 


Color Graphics Adapter (CGA) 

The CGA was one of the first two display 
boards offered for the IBM PC (the other 
was the monochrome display/printer 
adapter (MDA). The CGA has a maxi- 
mum graphics resolution of 640 by 200 
pixels (two colors only) and can display, 
at most, 80 columns by 25 lines of text. 
All later IBM offerings are capable of 
emulating the CGAÀ on a color screen. 


Communicating Applications 
S (CAS) 


CAS is an APT that allows programs to 
communicate with Intel's Connection 
CoProcessor fax modem card. (See 
"Making Applications Talk," January 
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BYTE, for further information on this 
standard.) 


Enhanced Industry Standard 
Architecture (EISA) 

EISA is a bus that theoretically will be 
upwardly compatible from the industry 
standard architecture (ISA) and offer en- 
hanced performance. EISA's develop- 
ment currently is being finalized by a 
consortium of compatible vendors. Some 
200 vendors have paid for the details of 
the specification. EISA was designed to 
compete with IBM's Micro Channel ar- 
chitecture (MCA). Inte] recently finished 
development of an EISA chip set. 


Enhanced Expanded Memory 
Specification (EEMS) 

EEMS was proposed by AST Research as 
an extension to the original Lotus/Intel/ 
Microsoft EMS. EEMS allows more than 
one 64K -byte area of RAM to be paged 
in and out at a time and lets applications 
run from the bank-switched RAM. Both 
these features were incorporated inta 
version 4.0 of EMS. 


Enhanced Graphics Adapter (EGA) 

The BGA, IBM's enhanced follow-on to 
the MDA and CGA, incorporates al] the 
text and graphics modes of both—plus a 
few more. It can produce a high-resolu- 
tion monochrome display similar to that 
of the Hercules graphics card (HGC). 
Unlike the HGC, though, the EGA can 
display graphical pixels in two intensities 
and has different numbers of pixels in 
each row and column. 

In its color modes, the EGA can pro- 
duce an output signal equivalent to that 
of the CGA or a denser, higher-quality 
color image with a greater scan rate. 
(The standard EGA monitor switches be- 
tween these two rates.) The EGA has a 
software-selectable color palette and 
limited pixel-manipulation hardware on- 
board. Despite the introduction of the 
more powerful professional graphics 
adapter (PGA), the EGA remained the 
dominant color graphics standard for the 
PC until the muiricolor graphics array 
(MCGA) and video graphics array (VGA) 
were introduced. 


Expanded Memory Specification 
(EMS) 

The Expanded Memory Specification 
allows access to more than 1 megabyte of 
memory on a standard ІВМ PC by bank- 
switching 16K-byte blocks of RAM in 
and out of one or more 64K-byte areas 
called page frames (see figure 1). Ver- 
sions of EMS before 4.0 allowed only 
опе page frame with four 16K-byte pages 


to be visible at any one time; 4.0 cx- 
tended the standard to allow any portion 
of RAM to be switched in this manner. 
This and other features of EMS 4.0 were 
adapted from AST Research's EEMS. 


Extended Memory Specification 
(XMS) 


The XMS manages extended memory on 
AT-class and 80386-based PCs. Before 
XMS, there were only ad hoc standards 
for reserving parts of this space; even 
IBM's VDISK and disk caching pro- 
grams used different techniques. 

XMS defines an API that allows you to 
reserve blocks of extended memory (ex- 
tended memory blocks, or EMBs) and 
transfer data between them and the low- 
est ] megabyte of RAM (i.e, the area 
available to real-mode programs). Fig- 
ure 2 shows how XMS can also give real- 
mode programs access to almost 64K 
bytes of additional memory in an area 
that is known as the high memory area 
(HMA). | 

The area from hexadecimal addresses 
FFFF:0010 to PFFF:FFFF can be ad- 
dressed from real mode if the A20 line of 
the CPU is enabled; an XMS driver can 
reserve that area of memory for a pro- 
gram and take charge of enabling and 
disabling A20. 

Finally, XMS manages blocks of 
memory between 640K bytes and 1 
megabyte in the processor's “normal” 
address space. Add-on cards sometimes 
provide chunks of RAM that fall into 
this area; XMS allocates the space as 
upper memory blocks. 


Graphical Environment Manager 
(GEM) 

А graphical windowing environment 
created by Digital Research (Monterey, 
CA), GEM runs not anly ou PCs but also 
on Atari STs. Many applications, includ- 
ing Xerox's Ventura Publisher, run in the 
GEM environment. 


Graftrax 

Graftrax is actually Epson's standard for 
performing graphics on a dot-matrix 
printer. But IBM's decision to use Epson 
as the OEM for the IBM Graphics Printer 
meant that Graftrax became a de facto 
standard for IBM PC graphics output. 
Most laser printers for the PC can emu- 
late an Epson printer running Graftrax. 


GWBASIC 

Because of the large number of features 
this language contains, the “GW” in the 
name of Microsoft's GWBASIC reput- 
edly stands for “Gee Whiz.” Derived 
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Circle 159 on Reader Service Card 


Commenting Disassembler! 
SOURCER... 486 


Ш SEE HOW PROGRAMS WORK 
Ш EASILY MODIFY PROGRAMS 


SOURCER" creates detailed commented 
source code and listings irom memory and 
executable files directly suitable tor reassem- 
biy. Built in data analyzer and simulator гә. 
solves data across тирне segments and 
provides detailed camments on interrupis and 
sublunctions. РО ports and much more. In- 
cludes a definition file tacility to include your 
own remarks and descriptive labels, force 
data types, and mare. Complete supporl for 
8088 through 80486, 8087 to 80387, and V20/ 
V30 instruction sets. 

We welcome comparisons with any other prod- 
исі, because no produci comes close to Ihe 
ease ої use and output clarity of SOURCER. 
Outstanding reviews in many magazines 
including PC magazine 4/26/88 page 46. 


BIOS SOURCE 


Ш CHANGE AND ADD FEATURES 
Ш CLARIFY INTERFACES 


The BIOS Pre-Processor " with SOURCER 
provides the first means to obtain accurate 
legal source listings for ату BIOS! identities 
entry points with full explanations. Resolves 

PS2% multiple jumps for improved clarity. 
Provides highly descriptive labels such as 
"videa mode" andmuch more. Fully automatic. 


ASMtool.. 


| BI CLARIFY COMPLEX CODE 
Ш AUTOMATIC FLOW CHARTING 


ASMIool is an assembly language flow chart- 
ing tool and source code analysis lool that 
simplifies Ihe understanding of complex soft- 

ware. Flow chart generation clarifies complex 
logic paths. Static analysis of stack and regis- 
ter usage helps locate potential problems. Tree 
diagrams of all procedure calls assist in quick 
program navigation, ASMIoo! is the only aṣ- 
sembly analysis tool to perform so much with 
such е effort! 


SOURCER-Disassembler $ 9995 
SOURCER w/BIOS Pre-Processor 139.95 
ASMtool-Source code analyzer 89.95 
UNPACKER-Unpacks packed files 39,95 


Shipping & Handing: USA $3; Canada Mexico $10, 
Oher Countries $15; CA Residents add sales tax. 


NOT COPY PROTECTED 
30-DAY МОМЕҮ-ВАСК GUARANTEE 
en within 30 days of purohase you fiic our product бова 
griorm in socordance wilh mr claims, СЕЙ our 
nicer service department and we wil gíadiy 
wrange a rau, 


For orders and information, call: 


"7" 1-800-662-8266 Е 
V COMMUNICATIONS, INC. 


3031 Tisch Way, Sulte 802, Dept, BY 
San Jose, CA 95128 (408) 296-4224 
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SOLUTIONS 


Bigger— 


Vfeature Deluxe™ lets your DOS system | 


use hard disks it thought it couldn't, all in one 
bootable piece—no artificial partitions! Span 
two drives Into C: and boot from it, use MFM, 
RLL, ESDI, or SCSI. Interleave selection, 
physical format, security options included. 
DOS 31-33 $120 


DUB-14™ PCB takes a different approach to 
drive expansion, stretches your AI's Drive 
Table to support the drive you choose—MFM, 
ESDI, RLL, up to 2048 cylinders! Comes with 
setup and low-level format routines, works 
with UNIX, XENIX, Pick, Novell, DOS. $95 


Faster— 


Veache™ speeds disk operations, stores data 
in RAM so it’s there for you next time you need 
it—no waiting! Optional delayed sector write, 
lookahead buffer Works with amy type of 
memory, caches up to 15 Mb, bundles accel- 
erators for your diskettes, screens, and 
keyboard. DOS 2 - 4. 

$59.95 


Vopt™ defragments disks for quicker access. 
Run it every day and keep your drive as fast 
as new! In a few seconds at boot time, Wop? ar- 
ranges all your files neatly in contiguous 
clusters so you won't waste any time reading 
them back. Bundles timing and diagnostic 
utilities. DOS 2-4 $59.95 


Safer— 


Viock™ protects your system and its data 
from vandals and accidents. System access 


passwords control booting, activity menus 
decide who does what to which files, even 


locks out Cil-Break during boot! $135 


Easier— 


Vtools™ is a slick set of disk management 
tools for DOS and OS/2. Display directories in 
whatever order you like, browse files and 


change or delete them, compare and update 
multiple versions, find and manipulate 
categories of files, and more! $49.35 


SEE YOUR DEALER OR CALL TOLL-FREE 


1 (800) 284-3269 


GOLDEN BOW SYSTEMS 


2665 ARIANE DRIVE #207 
SAN DIEGO, CA 92117 

483-0901 )619( يه ت 

FAX (619) 483-1924 TELEX 201520 GBS UR 
MC!VISA US shpg/hdig $3 СА orders add 7% 
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Extended 
memory 


ROM BIOS 
BIOS extension | 
& ROM 


Video RAM | 


EXTENDED MEMORY SPECIFICATION (XMS) 


Extended memory above high memory area (НМА) is 
allocated as extended memory blocks and cannot be w 
accessed directly ftom real mode. 


The НМА is the first 65.520 bytes above 1 megabyte. 
You can access this area in real mode by doing 
tricks on an AT or compatible. 

1-megabyle real-mode address limit. 


Any unused space in this area can be filled with 
RAM and allocated as upper memory blocks. XMS 
will not interfere with EMS. 


640K-byle "barrier 


RAM available tor use by "standard" 
DOS applications 


Figure 2: Extended memory is the area above the 1 -megabyte mark on an 80286- or 


80386-based PC; it's simply a linear extension of the RAM below I megabyte. 


from Microsoft's CP/M BASIC, GWBA- 
SIC has been largely supplanted by newer 
offerings such as QuickBASIC and 
Turbo BASIC. Nevertheless, GWBASIC 
is still an important standard in the PC 
world because IBM shipped it with all its 
machines. 


Hercules Graphics Card (HGC) 

Of the original IBM PC display adapters, 
neither the CGA nor the MDA provided 
everything early PC users wanted. The 


| CGA could display graphics but used a 


coarse 8- by 8-character cell; the MDA 


| displayed much clearer 9 by 14 charac- 


ters but could show only text, 

The Hercules graphics card, intro- 
duced during the early days of the PC, 
gave users the best of both worlds (except 
for color). It emulated the MDA and ran 
on the same monochrome TTL display, 
but it added monochrome graphics capa- 
bilities with a higher resolution than the 
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ССА "з. It also included a parallel printer 
port like the MDA’s. 

Generally speaking, the HGC has now 
been outmoded by newer adapters that 
bring the same resolution (or better) to 
color screens, but it remains one of the 
most successful third-party graphics 
board standards. 


Industry Standard Architecture 
(ISA) 
ISA refers to the bus signals and timings 
used in the original PC and AT com- 
puters. Because no formal timing speci- 
fications have ever been published for 
this bus, it has been thought of as an ad 
hoc standard; to this day, peripheral 
cards are often tested empirically for ISA 
compatibility. Proponents of E/SA and 
MCA believe that one of these newer ar- 
chitectures will eventually replace or 
supersede ISA. 

continued 
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* Intel 80285-12 CPU 

* Ami or Phoenix BIOS 

* IMB RAM on board 
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Small Drive. 
Great Deal. 


"Manz ana. 

This sleek little drive is our 
Host-Powered Plus. Shop 

around. Compare this ex- 

ceptional 3.5" drive with our 

| competition. It's about 1/3 

| the size, at least $20 cheaper, 
and it comes with all hard- 
ware and software needed 
for most installations. Ín 
fact, all our 3.5" and 5 1/4" 
products are a great deal. 
They come with documenta- 
tion PC Magazine calls 
"outstanding" and are 

| backed by knowledgeable 
sales and technical support 
teams. When you're ready 

for the best, call Manzana. 


HOST-POWERED PLUS $374.95 
Exbernal 1 44MB 3.5" drive for ATs. 
HIGH-DENSITY EXTERNAL 5384.95 
Host-powered 1.44MB drive for ХТ, 

includes HDC to replace controller. 

3rd INTERNAL” PLUS $289,985 
Third internal 3,5" 1,44MB drive for ATs. 
INTERNAL PLUS $199.95 | 
1 МВ 3.5" drive in a 5 1/4" frame for ATs. 
MANZANAA.2 $374.95 
External 1.2MB/360K 51/4" drive for PS/2s. 
MANZANA/360 $344.95 
External 360K 51/4" drive for PS/2s. 
MANZANA/1.44 $374.95 
External 1.44MB 3.5" drive for PS/2 model 30. 
3rd INTERNAL” MUXCARD $99.05 
Supports a third internal 3.5" drive. 
HIGH-DENSITY | 
CONTROLLER (HDC) 594.95 | 
Replaces XT controller to support 1.34 МВ 

3.5" drives, such as Internal Plus. 


Manzana 


Manzana MicroSystems, Inc. 
PO Box 2117 * Goleta, CA 93118 


(Fax: 805/968-5445) 
805/968-1387 
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Micro Channel Architecture (MCA) 
With the advent of the PS/2 machines, 
IBM introduced the Micro Channel ar- 
chitecture, a multimaster, fully speci- 
fied 16-/32-bit bus with a minimum 
cycle time of 100 nanoseconds. The 
MCA is IBM's contender to replace SA, 
but it is seeing only a limited acceptance 
due to incompatibility with existing 
cards and IBM royalty considerations. 


Microsoft Windows 

Microsoft Windows (and its 80286 and 
80386 cousins) is a windowing and 
multitasking environment for PCs and 
compatibles running MS-DOS or PC- 
DOS, The Windows user interface re- 
sembles that of IBM and Microsoft's Pre- 
sentation Manager for OS/2. 


Monochrome Display/Printer 
Adapter (MDA) 

MDA, was one of the original display op- 
tions on the PC. Driving a high-persis- 
tence TTL monochrome monitor with 
two display intensities, the MDA showed 
25 lines of 80 characters each. The 9- by 
1 4-character cell made this adapter supe- 
rior to the CGA (which used an 8- by 8- 
character celi) for text. 


Microsoft Disk Operating System 
(MS-DOS) 

This PC operating systern had its origins 
in an 8086-based CP/M clone, 86-DOS, 
created by Seattle Computer Products. 


MS-Net 

MS-Net is Microsoft's standard for net- 
working MS-DOS. Using a redirector 
and NerBIOS, an MS-Net-based network 
allows peer-to-peer networking through 
the server message block (SMB) protocol. 


Multicolor Graphics Array (MCGA) 
IBM introduced the MCGA as part of the 
PS/2 Model 30. It provides same of the 
capabilities of IBM's VGA display adapt- 
cr and runs with a PS/2 analog monitor. 


NetBIOS 

NetBIOS is an API that lets programs 
running on IBM PCs access a LAN. 
Commands are provided to control activ- 
ity on the Medium Access Control and 
session layers of the International Stan- 
dards Organization protocol stack; all 
other layers are hidden. MS-Ner uses Nét- 
BIOS to implement peripheral sharing. 
(See "Understanding NetBIOS," Janu- 
ary BYTE.) 


05/2 
OS/2 is a protected-mode multitasking 
operating system developed by [BM and 
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Microsoft for the AT, Р5/23, and other 
machines with Intel 80286, 80386, or 
80486 microprocessors. Although it 1s 
not in widespread use at the present mo- 
ment, OS/2 (along with Presentation 
Manager, its graphical user interface) 1s 
slowly gaining popularity in the PC 
marketplace. 


PC-DOS 

IBM's PC-DOS is an OEM version of 
MS-DOS. There are various versions of 
PC-DOS that populate the majority of 
PCs and compatibles. 


PC-DOS-CP/M Text File Format 
The text file format used by PC-DOS is 
the same as that used by its ancestor, 
CP/M. Lines are terminated by both a 
carriage return character (CR, ASCII 
code 13) and a linefeed character (LF, 
ASCII code 10), and the end of the file is 
indicated by a Control-Z. (Many PC- 
DOS programs omit the latter convention 
and rely on the operating system's record 
of the file sizc.) 

Although this file format doesn't have 
an official name, all files sent as text via 
the XMODEM protocol, for instance, 
must be converted to it before being 
transmitted. Other operating systems 
(such as Unix) use a linefeed character 
alone to end a line; stili others use a lone 
carriage return. 


Presentation Manager (PM) 
Presentation Manager is the graphical 
user interface standard developed for 
0572 by IBM and Microsoft. (It was first 
shipped with OS/2 1.1.) PM uses over- 
lapping windows, each containing an op- 
tional mouse-driven menu. PM is an 
evolving standard; one of the most sig- 
nificant ways that OS/2 1.2 isexpected to 
be different from 1.1 is in its greater use 
of icons. 


Professional Graphics Adapter 
(PGA) 

The IBM professional graphics adapter 
was a high-end intelligent graphics board 
mostly used for CAD applications. Due 
to several factors, PGA did not become a 
popular standard. 


К5-232 Connector (nine-pin) 
When IBM decided to make a combina- 
tion serial/parallel adapter for the AT, a 
small connector format was needed to 
allow both of the interfaces to fit on the 
back of a standard SA interface card. 
Because the parallel connector could not 
be shrunk, the serial connector was; sub- 
sequently, the nine-conductor pin-out for 
continued 


The New 25 MHz Executive 


J25EI combines ай the latest tech- 


nologies in the most advanced 
386 computer available. And it's 


speed almost undetectably different 


from that of dynamic memory. For the 


first ime, the large capacity of a hard 
drive is accessible at an access time of 
one millisecond (1 ms). Why limit 


yourself to 2, 8 or 16 megabytes of fast 


memory and pay $500 per megabyte, 
when you can have up to 160 mega- 
bytes at a cost as low as $10 per 
megabyte? 


50 TIMES FASTER 

Instead of waiting for the 65 mil- 
lisecond (ms) access time of an MFM 
drive, or even the 17 ms of an ESDI 
drive, you can have instantaneous 
access to your data. The 325ET is 
blindingly fast with an average disk 
access time of 1 ms. In addition, the 
system architecture allows data trans- 
fer speeds that match drive capabili- 
ties. (That's really fast. In fact, the 
overall read/write performance of the 
325ET is 50 times faster (5,00096) than 
the Compaq* 386/25. 


AY 


The 325ET, when located along 


side of a monitor, takes little desk space. 


The compact design of the 325ET lets 
you carry it onto an airplane and easily 
stow it under your seat. Imagine bring- 
ing the equivalent of seven four-drawer 
filing cabinets worth of valuable infor- 
mation to your next meeting — accessi- 


[he Executive 
325ET is small 
enough und light 


enough lo make il 


the most powerful 
transportable ever 


The 325ET has a hard drive access 


5 - 8038 
ms HD ACCESS 
EXECUTIVE 325ET 
Standard бена рар: 

* Intel 80286 processor running at 
25 Mhz. 

* Û wait state operation. 

* Enhanced intelligent controller for 
1 ms hard disk access time and 
a transfer rate of 4 MB per second. 

• 2 MB of RAM expandable to 16 
MB (8 MB on board). 

e High performance 16-bit VGA 
video adaptor. 

a 3,5" 1.44 MB diskette drive. 

e Sockets for 20 Mhz Intel 80387 
coprocessor and 10 Mhz Intel 
80287 coprocessor. 

e 6 industry standard expansion 
slots (ISA). 


Mono МСА Color VGA 
40 MB $54295 $4650: 
80MB $4645 $4995 
160 MB $5695 $5995 


PRIORITY ONE COMPUTER 
SUPER STORE LOCATIONS 
California: Bakersfield, Burbank. 
Fullerton, Irvine, 
San Jose, Sunnyvale, 
Westminster, Woodland Hills. 
Kansas: Lenexa, Wichita 
Missouri: St. Louis 
Oklahoma: Stillwater 
Tennessee: Memphis 


€Coprngl 1055 Compurer 
ІВМ is 4 герт! tradenurk of The IEM 
edemak 
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Support 

Our friendly and knowledgeable 
factory trained engineers are just a 
phone call away. And we can solve 
most problems right over the phone. 
2. Free on-site service 

The 325ET comes with a full 
year warranty, Supponed by 
Universal Protection Plan with a net- 
work of hundreds of service engi- 
neers, instant help is just a phone 
call away. Service is also available at 
any of our Super Stores, or at any of 
the hundreds of UPP service centers. 
3. Trade up and save morc 

Now you can put that older and 
slower IBM*, Compaq”, or Apple" to 
better use. Your old system may be 
worth a thousand dollars or more. 
Our new Trade-Up program allows 
you to move up to the latest technol- 
ogy for less. Call one of our systems 
consultants for complete details. 
4. 30 day money back guarantee 

Your total satisfaction is our 
goal. If for any reason you are not 
completely satisfied with the 325ET 
you may return it within 30 days for 
a full refund. 
5. Easy financing available 

We offer both consumer credit 
for individual purchases, and leasing 
for business customers. Call us today 
and find out how easy it is to own 
the next generation of computers. 


To Order or Inquire, Cail: 


800-423-5922 
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R5-232C became a de facto industry 
standard. The nine pins arc assigned as 
follows: 


i—carrier detect; 2—receive data; 3— 
transmit data; 4—data terminal ready; 
5—ground; 6—data set ready; 7—re- 
quest to send; $—clear to send; 9—ring 
indicator. 


Server Message Block Protocol 
(SMB) 

The SMB protocol is used in M.$-Net net- 
works for peer-to-peer file and periph- 
eral sharing. SMB is generally imple- 
mented using the session commands of 
NetBIOS, however, implementations are 
available for machines other than the PC 
(e.g., the VAX) so that they can act as 
servers. 


TesSerRact (TSR) 

TesSerRact is a standard developed by a 
m of programmers on CompuServe 

for. terminate-and-stay-resident pro- 

grams for the PC. TSR programs devel- 
ed to this standard can coexist amica- 

bly with one another and can be removed 

safely from memory. TesSerRact builds 
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on the work of an earlier standardization 
effort called Ringmaster. 


Video Graphics Array (VGA) 

VGA is IBM's primary graphics stan- 
dard for the PS/2 line of machines, and 
VGA-compatible graphics cards are cur- 
renily available from many vendors. The 
YGA works with either a color monitor 
or a black-and-white gray-scale monitor; 
it is able to sense automatically the type 
of monitor and adjust accordingly. The 
maximum graphics resolution of the 
УСА. is 640 by 480 pixels; it can display 
up to 16 simultaneous colors at that reso- 
lution, or 256 sirnultaneous colors with a 
resolution of 320 by 200 pixels. 


Virtual Control Program Interface 
(VCP) 


The VCPI is a standard that allows pro- 
grams that take advantage of the 80386's 


mode to run under MS-DOS or 
PC-DOS. 
Voice Communications Application 
Program Interface (V 


Part of IBM's voice communications op- 
tion (now out of production) for the AT, 


How does FOUNTAIN 3865Х 
compare with a true 386? 


the VCAPI allows applications to control 
interfaces to telephone lines, a speech 
synthesizer, a modem, a dialer, an adap- 
tive differential pulse-code modulation 
(ADPCM) sound-recording/playback fa- 
cility, and a speech recognition facility. 
Reached via interrupt 14һ, the VCAPI 
manages a multitasking TMS 320 signal- 
processing chip, along with its associ- 
ated hardware. 


WordStar File Format 

Like the standard MS-DOS text file for- 
mat, this format is a veteran of the CP/M 
operating system. It is similar to the stan- 
dard text file format but sets the high bit 
in the last letter of each word in filled and 
justified text. The high bit of each char- 
acier is also used to distinguish between 
hard and soft end-of-line sequences and 
movable and nonmovable hyphens. Con- 
trol characters set off regions of the text 
with special attributes, such as boldface 
and underlining. B 


L. Brett Glass is a freelance program- 
mer, author, and hardware designer re- 
siding in Palo Alto, California. He can be 
reached on BIX as "glass. " 
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Don’t Trash Your PC 
Because of the 
Software Revolution 


SOTA’s family of award winning 
Enhancement Products extends the 
life of any PC into the 1990s! 


Any IBM, Amstrad, Olivetti, 
AT&T 6300, Zenith, Compaq, and 
other 8088/86 PC compatibles com- 
bined with the SOTA 286i or 
SOTA 386si and the Memory/16i will 
allow you to run any of the next gen- 
eration of advanced software. 


Salvage your PC from obsolescence. 


B SOTA 386si, 16 MH: PC accelerator with 
16K cache Bil SOTA 286i, 12.5 MHz PC acceler- 
ator with 16K cache BlIMemory/l6i, up to 

8 MB of 16-bit LIM 4.0 accelerator memory 

Ш Floppy I/O Plus, floppy controller for all 
3.5” & 5.25" floppies plus serial/parallel ports. 


B For details on how to | 
| receive IMB of Memory FREE, | 
| contact your authorized | 
SOTA dealer or distributor. 
| 1-800-237-1713, | 
B in CA, 408-745-1111. j| 


SOTA Technology, Inc. 
559 Weddell Drive, Sunnyvale, CA 94089 


Tel: 408-745-1111, Fax: 408-745-1640 


SOTA 2864, SOTA 385611, jMemory/16, Floppy VO Plus are trademarks of SOTA Technology, Inc. 
AH other products mentioned ате trademarks of their respective manulacturcrs, 
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For PC-AT sofrware blues, come and see the SOTA solution st COMDEX, booth #7052. 
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Several steps faster thas tle сурай. 


EVEREX STEP EVEREX STEP 
286/16 Gis 
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286 
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s you can plainly see, every Everex STEP™system, from one end of our JBM* compatible 

line to the other, runs a good deal faster than anything the competition has to offer. 
So if you're looking for the absolute fastest way to run today’s complex applica- | 1 
tions, it's time to take a closer look at our STEPs. 


What you'll find is the thing that makes thern faster. Namely, superior design. 


EDITORS" 


One example is our proprietary AMMA” cache management architecture that lets | нокт 
you tear along at record speeds, especially in multi-user, multi-tasking applications. EETA 
And AMMA is application transparent. So you gain speed without losing compatibility. 


EVEREX STEP | EVEREX STE 
386/16 386/ 33 


NO COMPARISON 
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Better yet, you'll find that STEP systems are about as flexible as they come. We offer, 
for instance, both small-footprint and standard chassis sizes. 8 full-length expansion slots. 
3 front panel selectable clock speeds. Plus BIOS support for over 60 drives. 

All brought to you by one of the fastest growing computer companies in g 
America. Namely, Everex. And a nationwide network of the finest resellers who 
ever configured a system or supported a customer. 

Which makes vour next step a rather obvious one. Call 1-800-334-4552 for more 
information and the name of your nearest Authorized Everex Reseller. ——93XEVEREX-— 
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Dont Let the fF 
Desktop 


out You. 


Presenting Matrix Layout 2.0 


The Desktop Programming revo- 
lution has begun. More and more people 
are maximizing the productivity of their 
desktop computers without — to 
write a line of code. It began with Matrix 
Layout. And continues with Layout 2.0. 

More Power to the People 

Matrix invented Desktop Pro- 
gramming to let you create your own 
programs right on your own PC. Now, 
Layout 2.0 makes it even easier to create 
your own powerful, professional-quality 
applications. 

Start with Layout's tools window. 
Everything you'll need to build your 
program can be accessed by mouse or 
keystroke. 

Next, use Layout's graphics and 
text tools to build a flowchart model of 
your program. Create your own windows, 
icons, and buttons. Cut and paste func- 
tions from other Layout programs. Or 
use the BlackBox Manager to add a 
BlackBox —a pre-built capability such 
as telecommunications or dBase support 
—to your Layout program. All, without 
writing a line of code. 

Layout 2.0 is also a hypertext tool, 
allowing you to build Hypercard"-like 
cards, with text and graphics, and link 
them to related cards in any file. Use it to 
create cards for your flowcharts or to 


create hypertext applications that will 
run on any IBM-compatible PC. 


Power to the Professional 
Once your program is complete, 
Layout 2.0 can automatically create a 
tan ne “EXE file for use by апу IBM 
PC. Or have Layout 2.0 write it in Turbo 


e Lattice C, Microsoft C or QuickBASIC. 


The result: you've got a professional, 
stand-alone program that does exactly 
what want it to. Use it, share it, 
modify it. You've got the power. 


And a Powerful Bargain 

For just $199.95 you get the entire 
Layout 2.0 package, including free tech- 
nica] support, and more programming 
power than you've ever had on your desk- 
top. For more information, the location 
of your nearest Matrix dealer, or a copy 
af the Matrix Layout 2.0 VHS demon- 
stration video (just $9.95 for shipping & 
handling), call today. 

1-800-533-5644 
(in Massachusetts, 617-567-0037) 

Join the Desktop Programming 

revolution. Order Matrix Layout 2.0, today! 
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OPTIMIZING 
NUMERIC 


~OPROCESSING 


Advanced numeric devices need quality code 


ntil the day arrives when 
CPUs with on-chip 
FPUS, such as the 80484 
and T800, perform float- 
ing-point operations in a 
single cycle, there will be a need for nu- 
meric coprocessors like the Weitek 3167 
and 4167. These devices employ large 
areas of silicon to perform multiplication 
and addition nearly as fast as they are fed 
operands and operators. That 
also makes them exquisitely 
sensitive to the quality of the 
CPU code that drives thern. 
Pil explore haw compiler op- 
timizations can yield a nearly 
sixfold increase in the d 
of a Weitek 3167. 

The art of generating fast- 
running programs boils down 
to two problems: transform- 
ing the program into a new 
program that is faster but 
gives the same results (opti- 
mization) and choosing the 
fastest sequence of processor 
instructions for that new pro- 
gram (code generation). 

A compiler's front end in- 
cludes components specific to 
a particular language: the 
scanner, which recognizes 
lexical clements, and the 
parser, which builds a tree- 
structured representation of 
the program. The compiler’s 
free walker, or intermediate 


ILLUSTRATION: ROB COLVIN © 1989 


to deliver rated performance 


Stephen Fried 


section, traverses the representation and 
rearranges it in a more efficient form. 
The back end, or code generator, writes 
the object code. You can find and per- 
form optimizations in the front end and 
the intermediate section. 


Front-End Optimizations 
The most common front-end optimiza- 
tions are strength reductions—transfor- 


mations that replace one run-time calcu- 
lation with another, faster one. For 
example, the FORTRAN expression 
(xx#2) can be replaced by (xxx); simple 
multiplication is about 10 times faster 
than exponentiation. For an 80386 run- 
ning with a 3167, it pays to perform this 
strength reduction for integral exponents 
that fall between —4 and 11. 

Other opportunities for strength re- 
duction are cases of multipli- 
cation or division by 1 or — 1; 
multiplication, subtraction, or 
addition of 0; and addition or 
subtraction of 1. However, the 
new generation of coproces- 
sors invalidates some previ- 
ously standard strength re- 
ductions. For example, it 
used to be faster to add or 
shift than to multiply, so an 
excellent reduction was to 
convert multiplications to a 
series of shifts and additions 
where possible. The more 
powerful multipliers of the 
latest generation of coproces- 
sors render that optimization 
unnecessary. 

Not all strength reductions 
are made in the interest of 
generating the best code. For 
example, many compilers 
perform the famous Whet- 
stone strength reduction 
exp(In(u)} = u. This reduc- 

consinusd 
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tion—only one of a number of similar 
ones that could be made but are not— 
plays a key role in the speed of the Whet- 
stone, which affects the sales of chips 
and compilers but little else. 

The other common front-end optimi- 
zation js the reduction of constant expres- 
sions into literal constants. If the com- 
piler can determine that an expressions 
arguments are constants, it can perform 
the operation itself and replace the opera- 
tor node in the tree with a constant node. 


Intermediate Optimizations 

Among the intermediate optimizations 
are eliminating code that never executes 
or whose output is never referenced, 
moving loop-invariant code outside 
loops, rearranging loops, caching (plac- 
ing in registers) hot variables and ad- 
dresses used in loops, and eliminating 
common subexpressions. Such optimiza- 
tions are normally accompanied by a 
data-flow analysis that generates statis- 
tics about each block, procedure, and 
variable in the program. These statistics 
will be used downstream by the code 
generator. Since all this information is 
stored in the tree, the process is often re- 
ferred to as “decorating the tree. " 

Intermediate optimizations can make 
a huge difference in the way some code 
performs and hardly any in other cases. 
Why? If you write code that already in- 
corporates these optimizations, there's 
little the compiler can improve. In prac- 
tice, though, manually optimized code 
isn't very legible, so many programmers 
prefer to write more readable code and 
let the optimizer spruce it up. Most pro- 
grams do benefit from optimization. 

Inlining of procedures is an important 
optimization. As more programmers 
write in C and use structured techniques, 
the overhead of function cails becomes 
significant. Such prograrns tend to jump 
around as much as they execute. Assume 
that it takes 100 cycles to call and return 
from a function that takes only 20 cycles 
to execute. Placing the procedure in-line 
(i.e., within the main program flow) 
yields a fivefoid improvement. 

The technique used to inline functions 
is to compile all the procedures in an ap- 
plication into unoptimized trees, taking 
Statistics about each. Then the tree-walk- 
er decides whether to graft a procedure 
onto the tree (i.¢., inline it) or call it, In- 
lining plays à crucial role in speeding up 
systems that incur a big penalty when re- 
quired to refill the processor's pipeline. 


Generating Code 
Kegister allocation is the crucial issue 
here. The forthcoming generation of 
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Listing 1; FORTRAN code for 
the crucial section of the Whetmar 
benchmark, 


INTEGER I,J,K 
DIMENSION (150,120), B( p m, 


v 


100 
1,100 


DO 450 І = 1,1 
DÛ 140 J = 
C(I,J) = Û 

BG 190 К = 

SUR = "E + Т 

CONTIN 


140 cox WE 
150 CONTINUE 


Listing 2: Pseudocode for the 
crucial section's inner loop. 


start: 

compute tne address of the i Eth 
element of А 

load А(І,К) in fp register 1 
compute the address of the и,} fh 
element of 5 

multipiy B(K,J) with the contents 
o" fp registar і 

compute the address of the i, jth 
element of C 

edd C{i,]) to fp register 1 

compute the address of ine i,]th 
element ef С 

store the contents of Fp register 1 
ta CCT,J) 

increment Y 

test x and Jump te start if leas 
than 101 


Listing 3: The inner loop with 
register-caching optimization, 


DUM + û 
po 130 К = 
DUM = Do я ET K)WB(K,J) 
170 COMTIMUE 


computers wil! be able to do 20 to 40 mil- 
lion floating-point operations per second 
(MFLOPS) as long as everything stays 
on-chip. Variables that stay in registers 
can be accessed much faster than those in 
the cache or off-chip memory. Going off- 
chip for operands is like throwing om an 
anchor from a sailboat—something you 
Just don’t want to do. Intelligent register 
allocation is the way ta prevent that. 

A good compiler analyzes variable us- 
age over procedures before it allocates 
registers. It also tries to keep the number 
of variables that are register candidates 
as large as possible until the allocation 
has occurred. Even with data-flow anal- 
ysis, this task is complicated by the pas- 
sibility of aliases (i.e., multiple variables 
that refer to the same location). So the 
code generator tries to minimize the 
analysis by doing a very thorough job on 
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just the hot spots in the code. This com- 
promise works weil. 

Peephole optimization smooths out the 
rough edges in machine-generated code. 
Its name reflects the small (two- or 
three-instruction) window, or peephole, 
used to examine the code, The peephole 
optimizer looks for short sequences that 
are easy to recognize and reduce. For ex- 
ample, the sequence 


eax 
eax 


push 
pop 


i$ a meaningless piece of code that can be 
removed in the peephoie stage. 


Benefits of Optimization 

Now I want to present two benchmarks 
I’ve adapted from the Whetstone bench- 
mark. The first, which I cali Whetscale, 
tests scalar floating-point arithmetic and 
Measures raw coprocessor speed. This 
benchmark is available on BIX along 
with several other benchmarks under 
"jmicroway." The second, which I call 
Whetmat, docs a matrix multiply, which 
complicates the arithmetic with index- 
ing. In the Whetmat, the interaction be- 
tween CPU and FPU makes good ûpti- 
mization especially critical. ГЇЇ trace 
what happens to the speed of the Weitek 
3167 as the various optimization and 
code-generation features of a FORTRAN 
compiler are successively enabled. 

When compiled with a globally opti- 
mizing compiler, the Whetscale mea- 
sures the rate at which a numeric copro- 
cessor performs elementary register-to- 
register floating-point operations. These 
operations are always the fastest because 
they don't reference memory and can 
take advantage of the wide internal data 
paths inside the coprocessor. The Whet- 
scale code is an example of a piece of 
software that is 100 percent floating- 
point-bound and for which it is easy to 
figure out what the precise floating-point 
activities are: 12 additions, 1 negare, 4 
multiplies, and 4 floating-point stores 
and loads. I developed a weighting 
scheme that produces a result measured 
in Whetscales, and these can be inter- 
preted as the number of scalar floating- 
point operations per second. Since there 
are no 80386 instructions in the code, the 
Whetscale—when compiled optimally. 
with all variables in registers—places an 
upper limit on coprocessor speed. 

І ran the Whetscale on several ma- 
chines. The 25- MHz Acer was represen- 
lative of the best results. With a 25-MHz 
Weitek 3167, the Acer achieved 3.05 
MFLOPS. The 25-MHz 80387 result 
was, by contrast, . 798 MPLOPS. The re- 


sulis can be interpreted simply. The Wei- 
tek 3167 docs over 3 million basic float- 
ing-point operations per second, the 
80387 only about 300,000. Used as a 
baseline, the Whetscale makes it possi- 
bie to figure out how much time other 
benchmarks waste doing address calcu- 
lations and fetching operands from mem- 
ory. For example, [ weighted the Whet- 
mat in the same way I weighted the 
Whetscale but at best got only 1.7 
MFLOPS from the 3167 (see next sec- 
tion}. From this I concluded that an opti- 
mally coded 3167 vector operation 
spends 40 percent or more of its time per- 
forming nonnumerical activities. 


The Whetmat Benchmark 

I designed the Whetmat benchmark to 
measure the speed of a single-precision 
matrix multiplication. This is the kind of 
real-world problem at which a good 
FORTRAN compiler must excel. It also 
shows how optimization is the key to 
high-speed numeric processing. Listing 
] shows the most time-consuming part of 
the Whetmat. It's slowed by several 
things: two floating-point operations per 
iteration of the loop, address calculations 
for all elements in the arrays. and oper- 
and fetches from memory. 

As 1 enabled the various optimizations 
of the NDP FORTRAN compiler, the re- 
sults improved by a factor of 5.8. This 
actually means that as the code im- 
proved, the number of 80386 cycles re- 
quired to support the Weitek 3167 de- 
clined by a factor of 5.8. 

Listing 2 shows how a nonoptimizing 
compiler would handle the Whetmat's 
inner loop. You can sec immediately that 
the address of СП.) is computed twice 
per iteration—a waste of time. There are 
three ways to tackle this problem. A 
compiler that can remove local common 
subexpressions would analyze this block, 
discover that the second address calcula- 
tion was redundant, and eliminate it. 
Similarly, a compiler that can remove 
global common subexpressions would 
find that the address of C(I,J) was com- 
puted in the previous block (when the ref- 
erenced element was initialized to zero) 
and use this address for both references 
since neither I nor J can change after the 
initialization. If the register allocator 
placed commonly used addresses in reg- 
isters, this would result in slightly better 
code. Finally, since neither I nor J 
changes in the loop, they're loop-invari- 
ant (as are any expressions that depend 
solely on them) and can be taken out of 
the loop. Of these three methods, the 
first is usually available, the second 
sometimes, and the third rarely, because 
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it depends on data-flow analysis. 

Once you've handled the redundant 
address calculation, though, you've 
barely scratched the surface. The com- 
putation of the addresses of the inner loop 
variables is the next candidate for simpli- 
fication. These addresses depend on the 
single variable K and severa] constants 
that don't change (I, J, and the size of the 
array) as K does. K is an induction vari- 
able; the compiler figures out that, every 
time K increments, it's necessary to add 


4 to the current address of A and 
4x 1402560 to the address of B. It ac- 
complishes this by setting up registers to 
hold the addresses of A and B and incre- 
menting them by 4 and 560 at the end of 
the loop. This optimization, in conjunc- 
tion with the previous one, boosted per- 
formance on the Weitek from .29 
MFLOPS to .77 MFLOPS. 

Next, the compiler can take advantage 
of the fact that the array elements C(I,J) 
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refer to a single entity from the point of 
initialization to the end of the inner loop. 
This entity should be treated like a scalar 
for the course of the calculation. That 
way. the code generator can leave C{LJ) 
in a register for the duration of the inner 
loop, where it really belongs. The effect 
of this optimization is to transform the 
inner loop into the fragment shown in 
Listing 3. This transformation is called 
register caching. Few compilers perform 
it because in addition to a global data- 
flow analysis it requires a careful search 
for aliases. Because even some of the 
best mainframe compilers don't do regis- 
ter caching, well-written programs like 
LINPAK explicitly use dummy variables 
in place of array elements when the array 
element is being used as an accumulator. 
With register caching turned on, perfor- 
mance jumped to 1.11 MFLOPS. 

At this point, you're starting to scrape 
the bottom of the barrel. The next opti- 
mization depends on an idiosyncrasy of 
the 80386 prefetch mechanism and 
works in conjunction with advanced 
80386 addressing modes. The trick em- 
ployed here, called loop unrolling, en- 
tails placing sets of four loop iterations 
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in-line. It takes more space but runs 
much fasier because it keeps the proces- 
sor’s pipeline filled. Since the 80386 has 
to fill its prefetch queue every time it 
makes a jump, unrolling the loop yields 
considerable savings. At the same time, 
the compiler can use base addressing 
mode with an immediate constant that in- 
creases by 4 and 560 on each roll through 
the loop. Loop unrolling brought the 
benchmark result to 1.4 MFLOPS. 

There's one morc possibility. Because 
dot products are so important in the nu- 
merics repertoire, advanced FPUS like 
the Weitek 3167 often supply a special 
instruction to perform them. It's called 
the multiply/accumulate, and NDP FOR- 
TRAN supports it. With the multiply/ 
accumulate switch turned on, the bench- 
mark result jumped to 1.7 MFLOPS. 

In the process of turning on these opti- 
mizations, Whetmat performance went 
from .291 MFLOPS to 1.7 MFLOPS—a 
nearly sixfold improvement in code qual- 
ity. There's another way to look at this: 
The code in the inner loop of this pro- 
gram was reduced in size by a factor of 
almost 6. By counting the 80386 op 
codes executed per inner loop in each 
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case, [ determined that the increase in 
speed over the whole range of the experi- 
ment was virtually identical to the reduc- 
tion in the number of 80386 op codes per 
loop—that is. 


ratio of throughput = 1.7/2.91 = 5.8 
ratio of 80386 op codes/loop = 23/4 
= 5.75 


These results prove my thesis. In situa- 
tions where numeric operations run às 
fast as basic CPU operations, the crucial 
issues in attaining rated numeric 
throughput are register allocation and re- 
duction of the number of CPU operations 
required to support the numerics. The 
next generation of numeri processors 
will reach their full potential only with 
the help of advanced optimization tech- 
niques that minimize the number of sup- 
porting 80386 (or 80486) operations. 8 


Stephen Fried is well known for his work 
in chemical lasers and the use of numeric 
coprocessors in the ІВМ PC. He is vice 
president af R & D at MicroWay, Inc., in 
Kingston, Massachusetts, and can be 
contacted on BIX c/o "editors." 
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The Aurora 1024 is fast! К runs 20-50 
times faster than VGA and 10-50% 
faster than IBM's 8514/A. But that's 

not all! With the specially designed 
ADI driver, you will see AutoCAD re- 
draw 20 times faster than IBM's 

B514/A and other industry-leading 
boards (as shown below). 
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The Aurora 1024™ brings the graphics 
user into the new age of graphics e 
cessing. By adding the Aurora 1024 high 
resolution graphics card to your XT or AT, 
you will have unparallel processing 
power with 100% IBM 8514/A com- 
patibility The Aurora 1024 is a full- 
featured ТІ 34010-based board that runs 
а up to 1024 х 768 х 256 
colors. 


WIDE COMPA 
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With the Aurora 1024, you also get 
industry-wide software compatibility. 
That's because IBM's new graphic 
Standard, the Adapter Interface (Al) 
used for the 8514/A, is included with 
every board. And for users, 
we also include our specially de- 
signed ADI driver—as well as the 
hottest performing Windows and 
VENTURA driver available. These in- 
terfaces give ready access to a wide 
range of important non-CAD applica- 
tion programs, such as Lotus 1-2-3*, 
Wordperfect®, Quattro*, PS/RIO®, 
PS/TOPAS®, EXCEL®, EnerGraphics ™ 
and Pagemaker® ... plus hundreds 
of other titles. 


A NEW GRAPHICS AGE 


TI 34010 COPROCESSOR 
8514/A COMPATIBLE BOARD 
1024 x 768 with 256 COLORS! 


THE DAWN OF 


The Aurora 1024 sets a new standard 
of value and performance at about 
half the price of most comparable 
high-resolution graphic boards. You 
simply won't find a better price any- 
where! 
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ORDER TODAY 
CALL TOLL FREE 


РЕ в 
1(800) 32 25-017 14 


ENERTRONICS 


Innovator in Graphic Solutions 


` Enertronics Research, Inc. « #5 Station Plaza « 
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High Resolution and Wide Screen 
for PCs and Apple Mac 


FLEXSCAN 
9400 


Increasing sophistication in the use of 
personal computers for general 
business applications, CAD and DTP 
has led to a growing demand for better 
resolution and larger display devices. 
Combining wide compatibility and 
functionality with the latest ergonomic 
design, the FLEXSCAN 9400, with a 
maximum resolution of 1280 dots X 
1024 lines, will not only meet these 
requirements but those of the next 
generation of advanced business PCs. 


Wide compatibility 

With a wide Horizontal scan frequency 
range (30-65kHz}, the FLEXSCAN 
9400 is compatible with most signal 
sources, including standard VGA, 
extended УСА, 8514/A, Ultra Hi-Ales 
Graphics controllers for PCs, as well 
as the Macintosh II and its Hi-Res 
Graphics Adapters. 

With the FLEXSCAN 9400, future 
compatibility is assured. 


he runs both Ultra Hi-Hes and general 
business applications. 


the FLEXSCAN 9400 will give a sharp 
and bright display image over the 
entire screen. 

The 9400 also has 2 input terminals 
(BNC x5 and D-sub 9 pin) which can 
be sasily selected from a front 
mounted switch. This convenient 
feature enables the professional user 


Ergonomics and Utility 

The CRT of the 8400 has a special 
coating which not only reduces 
reflection but also the static electricity 
generated on the surface of the 


to have a one-monitor solution even if soreen. 
Latest Technology 
By adopting a DBF (Dynamic Beam Specifications 
Forming) Electron Gun CRT, resolution, CRT Trio Pitch 0.31mmiDot) 
convergence and brightness in the CRT Size 20" (18V) 90 deflection 


screen corners have been improved CRT Face Treatment Dark face,Non-glare screen 
over a standard САТ. By combining input Signals Sync; Separate, TTL positive/negative. 
this with Dynamic Focusing Circuitry. Composite, TTL, positive/negative. 
Video: Separate, AGB, Analog 
0.6—1.0Vp-p/75ohm positive 
Separate, RGB, Analog, Sync. on Green 
Scan Frequency Н:ЗОКН2 ~ 65kHz(Automatic adjustment) 
V:55Hz ~ 90Hz (Automatic adjustment) 
Standard Display Size 360mm x 270mm 
Recommended Resolution 1280005 x 1024lines 
Video Band Width 120MMz 
Linearity + 52% тах. 
(for Horizontal scan frequency ranges 
30 — 37/48 — 50/83 ~ 85kHz only) 
Dimensions 496mmiw) x 561тт О) x 471mmibHyat tilt 07 
Net Weight Jka 


NANAO USA CORPORATION 


Seecibcations ara aubyect to Change without notice. 


23510 TELO AVE. SUITE 5 TORAANCE, CA 90505 


PHONE (213) 325-5202 FAX (213) 530-1679 
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INVENTING 
THE PC’S 
FUTURE 


Architectural limitations could have the DOS world up against the wall 
without compatibility, technology, and design breakthroughs 


everal issues have to be 
resolved before 
computers will be able to 
perform better, faster, or 
more powerfully. One 
major concern is that certain barriers 
may have been reached and that going be- 
yond them may require more than just в 
leap of faith. Jumping up to the next level 
of personal computer performance may 
not happen as quickly or as 
smoothly as the orders of 
magnitude of previous im- 
provement took place. 

During the past 25 years, 
chip technology has kept up 
with developments in associ- 
ated device hardware and 
software. But after pushing 
the limits of personal com- 
puters to levels unthought of 
even a few years ago, the in- 
dustry may have painted itself 
into a technological corner. И 
inust now take the time to un- 
ravel some tangles that it has 
created in the areas of com- 
patibility, silicon technology, 
and design expertise. 

In part because of advances 
made in chip technology, the 
industry has been able to build 
higher and higher perfor- 
mance into microcomputers. 
This process of continual ar- 
chitectura] innovation driven 
by silicon methodology—as 


ILLUSTRATION: KATHERINE MAHONEY © 1989 


Gordon A. Campbell 


opposed to merely cranking up CPU 
speeds—will dominate the development 
of the industry-standard personal com- 
puter in the 19905. 


Anything You Can Do... 

The computer industry evolved through 
three distinct phases. The first, really 
started by IBM, was the mainframe 
computer of the 1960s. The second phase 
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was the minicomputer of the 19705, 
launched by companies such as Digital 
Equipment, Wang Laboratories, and 
Data General. Today the industry is 
firmly entrenched in phase three, the era 
of the personal computer. 

Each phase of this evolution was based 
on a parallel development in semicon- 
ductor chip technology. This process is 
especially true in the IBM PC world, 
which is by far the fastest- 
evolving branch of the com- 
puter industry. 

Throughout the 1980s, the 
PC-compatible world, includ- 
ing semiconductor suppliers, 
PC manufacturers, and PC 
users, has gone through some 
interesting technology transi- 
tions. In most cases, the tran- 
sitions were driven primarily 
by the rate of productivity and 
the innovations present in sili- 
con technology. 

The first PC, as defined by 
IBM, processed approximate- 
ly 100,000 instructions per 
second—about one-tenth of a 
MIPS (1 million instructions 
per second). In those days 
(the early 1980s) it cost about 
$50,000 to put a theoretical 1 
MIPS of processing power on 
your desktop. During the last 
five years or so, the suppliers 
of microprocessors, systems 

continued 
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logic, and other PC system semiconduc- 
tor components have driven the transfor- 
mation from one-tenth-of-a-MIPS ma- 
chines to 2- to 4- MIPS machines. 

In the course of this transition, the cost 
of that theoretical 1 MIPS of processing 
power was driven below $1000. In fact, 
some 80286-based machines now ship- 
ping already approach the $500-per- 
MIPS point. By 1990, PC-compatible 


machines may come with a standard 10 
MIPS of processing power, 

Sametime between 1990 and 1995. 
100-MIPS PCs should arrive. This im- 
provement in collective processing 
power will bring the cost per MIPS down 
below $50. The dramatic drop from 
$50,000 to $50 per MIPS illustrates the 
orders-of-magnitude increase in produc- 
tivity the industry has achieved (see fig- 


ure 1). This economy of scale is one rea- 
son PCs have reached such a staggering 
level of sales. 

The nose-diving cost of raw comput- 
ing power is the result of two factors: 
progress in microprocessor technology 
and the growing numbers of manufac- 
turers of integrated system logic, graph- 
ics, I/O, and communications chip sets. 

continued 


THE DECLINING COST OF POWER 


Cost per MIPS 
КЕСИ 
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84 85 


KEY: 


[E 8088/86 PC, 96 551 chips 
4.77 to 8+ MHz 


LE 1 80286 PC, 4 YLSI, 40 SSI chips 


6 to 25 MHz 


86 87 88 89 


Year 


WT 90386 PC, 4 VLSI, 40 SSI chips 


15 to 25 MHz 


EN 50385/486 PC (with cache) 
3 VLSI, 19 SSI chips 
25 to 40+ MHz 


90 91 92 


SSI = small-scale integration 


YLSI 


= very large-scale integration 


Figure 1: These curves represent processing power (in MHz and chip technology) and a PC time line. 
Succeeding generations of faster and more-complez microprocessors have married with ever-higher levels of integration 


to produce lower computing costs per MIPS. 


239 


Fall 1989 * BYTE ІВМ Special Edition 


ОЈ SOR EIU 
РИПТИР pin Sr d 
IHE E а D e- 


ИРТ 3I] 


ON Tus AGRE 


VIPAT AWA J 


Prototypes 


Modet the look and feel 


of your program before . 


writing the code. 


Quickly create your own 
program screens in the 
screen design module. 
Use “what if” editing 
features to experiment 
with layout and color. 
All screens are saved to 
disk and may be edited 
repeatedly. Simulate 
your program in action, 


including menu structure, 


user input, file I/O, 
windowing, scrolling 
and more with our 
easy-to-use 4GL. Incor- 
porate your screens into 
C, PASCAL, BASIC, 
Clipper, or Assembler 
program code. 


Demos 


Show off your product's 
best features. 


Capture screens from 
your application with a 
memory-resident utility. 
Edit them in the screen 
design module and 
create any additional 
screens you may need. 
Use simple 4GL 
commands for interactive 
or timed screen display. 
Add animation to make 
your demo come alive. 
Run .BAT, .COM, or 
EXE files as subpro- 
grams. Distribute your 
demo using our compact 
run-time utility, with no 
additional fees or 

Mee еа copyright 
screen 


800-777-1437 


System Requirements: [BM PC, PS/2 or compatible; 256K; DOS 2.0 or higher 


B415 Washington Place NE 
Albuquerque, NM 87113 
(505) 821-9425 

FAX (505) 821-9695 
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them with the screen 
design module. Use 
versatile 4GL commands 
to interact extensively 
with your user. Build a 
realistic tutorial with 
the added benefits of 
pop-up help windows, 
prompts, error messages, 
etc. Distribute your 
tutorial using our 
run-time utility, with no 
additional fees or 
mandatory copyright 


screen, 


* ASCII Based Screen Design Module 
* 4th Generation Prototyping Language 


LET 


* Music Design Module 
* Screen Capture Utility 
* Programmers' Power Tools 
* Samples & Utilities 

Tutorials Presentations 
Provide a controlled Get their attention and 
environment for learning get your point across— 
your program. quickly and easily. 
Capture screens, then Use fast ASCII-based 
modify and supplement screen design to 


express your ideas. 
Build an exciting "slide 
show" with easy 4GL 
commands for special 
effects such as wipes, 
dissolves and animation. 
Add captured graphics. 
Control display by 
pressing a key, or time it 
to synchronize with à 
recording. Even add 
music with a music 
module. 


NEC 


PORTABLE 
MULTISPEED 
EL LAPTOP COMPUTER 


* ВОВЕ microprocessor (4.77 Mhz/9.54 nz) 
software & hardware switchable. 

+ 640K RAM. «LCD Supertwist Screen. 

* Resolution: 640x200 dpi. 

+ Two 720KB 3-1/2" disk drives. 

* 1 RS232 saria! port 

* 1 Centronics parallel port. 

* 1 CRT adapter, * MSDOS 3.2. 

- Standard keyboard with HELP 


* Resident software programs: Notepad— 
20.000 word spell checker, Fiar, Dialer, 
Теісот, А Setup. * Model 4: EL1-1601 

a Dim.: 13.6"W x12.4"Dx 3.25"H. 

* Weight: 11.5 ба. » One Year Warranty! 

a Factory New! -Factory Perfect! 


Manufacturer's 
Suggested Retail 
$2,195.00 


DAMABK PRICE. 


we can now offer 
hem 10 you at 
HUGE SAVINGS! 
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INVENTING THE PC'S FUTURE 


The advent of the microprocessor created 
the PC and revolutionized the industry 
because it offered end users vast amounts 
of inexpensive processing power. 

Closely related to the importance of 
the microprocessor is the concept of the 
chip set. With this innovation, manufac- 
turers were able to shoehorn the same 
logic functions onto five or fewer very- 
large-scale-integration (VLSI) chips, 
compared to the 100-plus small-scale-in- 
tegration and medium-scalc-integration 
chips that ПВМ had used to design the 
Original PC. 

The coming of the chip set not only 


he 
PC industry is now fully 
entrenched in the worid 
of CMOS. 


lowered raw silicon costs but also pro- 
vided a way for manufacturers to easily 
and quickly bring new generations of 
PCs to market. The same concept was 
applied to graphics and is now being ap- 
plied to ГО, mass storage control, and 
other PC subsystems. 


Alphabet Stew 

So far, the history of the PC, as ex- 
pressed in the cost-per-MIPS model out- 
lined earlier, has followed a predictable 
course: Through sheer manufacturing 
volume and by offering architectural in- 
novations captured in silicon, silicon 
suppliers brought down the. cost of bnild- 
inp a PC. 

What technologies are driving the sili- 
con suppliers? The integration power of 
YLSI techniques rests on process tech- 
nology. In the early 1980s, the semicon- 
ductor industry was really just starting to 
fee] comfortable with its ability to inte- 
grate significant blocks of logic in a tech- 
nology called negative-well metal-oxide 
semiconductor. NMOS was the first of 
the so-called MOS technologies, which 
have radically changed the semiconduc- 
tor industry. MOS technologies differ 
radically from the previous power- 
hungry so-called bipolar techniques. 

NMOS made it tbeoretically possible 
to manufacture thousands of transistors 
on a single piece of silicon without exces- 
sive thermal and power constraints. 
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When this technology was first put into 
place, NMOS was the highest-perfor- 
mance, cheapest way to manufacture 
transistors in an integrated block. How- 
ever, a related technology called CMOS 
provided the technology to reach VLSI 
levels of hundreds of thousands of tran- 
sistors on a chip and even ultra-larpe- 
scale-integration levels of over 1 million 
transistors on a chip. 

During the same time frame in which 
the industry was moving into NMOS and 
CMOS process technologies, line-width 
technologies, which govern the actual 
physical dimensions of transistors, have 
moved line widths from around 2 to 4 
roils down to 4 to 5 microns and, today, 
somcthing like 1.5 microns and rapidly 
going to 1 micron. Beyond CMOS, a 

newer process technology known as Bi- 
CMOS (a hybrid of bipolar and CMOS 
technologies) promises to deliver both 
speed and the ability to integrate large 
nurabers of transistors. 

The {-micron CMOS process barrier 
ig a milestone in the semiconductor and 
PC industries. As they make the transi- 
tion to 1 -micron technologies, the possi- 
bility of producing the oft-talked-about 
single-chip PC becomes a practical real- 
ity. The i-mecron barrier 15 a true water- 
shed for putting PCs into silicon technol- 
ogy. The technology is solid and is likely 
to have a dramatic impact. 

The PC industry is now firmly en- 
trenched in the world of CMOS. VLSI 
circuits are driving integration levels to 
the ultimate Holy Grail of single-chip 
systems. PCs with single-chip AT-com- 
patible logic are due to begin shipping 
any day now. 

The PC-compatible world is also just 
entering the ULSI world, which is usu- 
ally defined as the ability to manufacture 
] -million-pius transistors on a chip. One 
of the first examples is Intel’s 80486 
microprocessor with approximately 1.2 
million transistors. 

Prom the standpoint of PC-compatible 
users, one way to view all this rapid tech- 
nology change is that when manufac- 
turers were saddled with NMOS and 
line-width technologies of 2 to 5 mi- 
crons, they could produce only onc- 
tenth-MIPS machines, and the cost of 1 
MIPS was very high. Today, as manu- 
facturers are about to cross the 1-micron 
technology barrier, users have in their 
sights 10-MIPS processing power below 
the $500-per-MIPS cost threshold. 
When less-than-1-micron process tech- 
nologies are reached, manufacturers will 
see even more productivity gains, and 
the 100-MIPS PC will become a reality. 
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And its small compiled code size won't hog 
oe 
t's more, by compiling a program 

"o. ge into with The Builder before you distribute it, 
fast .COM and EXE fies. Not only does The Buide also includes a powerful you'll have bulletproof security. 
give you turbo language speed, it extends editor to provide an integrated development Don't keep bitching about batch. Order 
the DOS batch language with over 50 new environment. The Builder today. 
commands and keywords. And its the perfect tool for creating Call 1-800-873-9993 for complete 

For example, menu commands like installation scripts. The Builder has DOS details. Visa and Mastercard are welcome. 
DropDown, PopUp, and LookAndFeel dexterity that BASIC and C can't match. Shipping and handling are free. 
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Thalarctos maritimus 


#3 ina series on consumer habits 


The polar bear is the great white 
hunter of the Arctic Circle Migrating 
long distances over the vast 

frozen desert, it tracks large prey such 
as seals and sea lions. In a sprint, 

it can reach speeds of up to 25 mph. 
When it raids the ice box, it 

doesn't waste energy on small fish. 
The readers of BYTE magazine 

are just as selective. For they, too, 

are relentless hunters with big 
appetites. They are advanced person- 
al computing experts whose 

hunger for new product information 
is insatiable. They seek technical 

A complete rundown of product 
comparisons. Which is 

whar they get in every BYTE. Some 
you more paid readers than BYTE s 


450,000. But none so voracious. 


What About Memory? 
So far T have been discussing the logic 
side of the equation: microprocessors, 
systems logic, graphics, and so forth. 
The memory side of the equation is 
equally important, especially today with 
the advent of enormous, memory-hungry 
application programs and operating 
systems. 

The early PCs were shipped with 4K- 
byte and then 16K-byte DRAM. Today, 
after the transition through the 64K -byte 
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DRAM generation, which was probably 
the briefest memory-density phase, the 
256K-byte DRAM is the workhorse of 
the industry. And, although artificially 
high prices slowed down its acceptance 
somewhat, the 1-megabit DRAM is 
rapidly phasing in. 

It did not take long for the 640K-byte 
memory barrier inherent in MS-DOS to 
become a headache; with PCs now rou- 
tinely shipping with 8 megabytes or more 
of memory, the problem is compounded. 


INTRODUCING TRIE 


$35 CURE FOR 
PEAR OF MATA 


© 7 @TATISTICS 


At last, PC users can 
master statistical analysis 
without a masters in math. 


It's Victory Over Statistics, a 200-page manual, published by 
GTE Data Services, Inc. Written in everyday English, Victory 
Over Statistics with its menu-driven diskware will take you from 
the basics, such as averages and variance, ali the way to 
double exponential smoothing and regression analysis. 

Step by step, at the pace you choose. 


All you need is an IBM PC or compatible with a 5.25 disk drive 


and 128K memory plus $35.00. 


That's one set of numbers even a math hater can love. 


Data Services 


THE POWER IS ON 


To order, send the coupon and a check, payable to GTE Data Services, Inc. 
Please allow four weeks for delivery. 


Here's my check for $35.00, plus $4.00 for postage 
and handling. Florida residents please add G% sales 


tax. Please rush my 
Victory Over Stapetics manual and disk. 


Name 
Address 


City 
Telephone Number ( } - 
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GTE Date Services, Inc. 

P. O. Box 290152 

Temple Terrace, FL 33687-0152 


Círele 125 on Reader Service Card 


This has prompted many companies to 
develop both hardware and software 
solutions to enable users to transcend the 
640K -byte barrier and be able to address, 
even with the lower end of the processor 
spectrum, large memory sizes in PCs. 
Future machines will be designed to ac- 
cept many inegabytes of memory largely 
because today's application programs 
are starting to demand more memory 
space for data and for the programs 
themselves. 

One result of faster processors coupled 
with larger addressable memory space is 
that users can handle larger computing 
problems in more reasonable time 
frames. This leads to à need to improve 
the I/O to try ito keep pace with process- 
ing power and available memory. 

The 1/0 under the original definition 
of the PC being about one-tenth that of a 
i-MIPS machine was fairly adequate. 
Then the AT came out, and it was about à 
1-MIPS machine and, again, 1/О wasn't 
really an issue, 

But now that manufacturers have taken 
the original 6- MHz AT and boosted it to 
the 80286-powered machines that today 
run at up to 25 MHz, they have bcosted 
theoretical throughput by an order of 
magnitude. The implication of this is that 
when you get that much additional pró- 
cessing power, more memory support 
and better I/O are required. Today, 
many of the old AT bus and XT bus struc- 
tures effectively hobble the processing 
power. 

With respect to I/O-bound perfor- 
mance, the most significant change is the 
transition at IBM from the old industry- 
standard architectures of the XT and tbe 
AT to the new Micro Channel definition. 
With Micro Channel, IBM provided 
much better I/O capabilities and а bus 
definition that had the flexibility to do 
things that the old bus structure could 
not, such as bus mastering. 

The adoption of the Micro Channel 
was not only an attempt to address I/O 
problems, but a!so a major transition on 
IBM's part. In essence, the introduction 
of the Micro Channel represents IBM's 
recognition that the adoption of main- 
frame computer architectures was re- 
quired to keep up in the PC performance 
race. Today throughout the industry, so- 
phisticated mainframe techniques are 
migrating down to PCs. Mainframe 
techniques, such as cache memory sub- 
systems, have now become a common 
itm on PCs. Other mainframe tech- 
niques will also be applied to the PC, es- 
pecialiy in the area of I/O processing. 

The challenge for all the PC silicon 
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ompFax Puts Efficiency 
at Your Fingertips 


re you planning to add a FAX machine to your office? 


Then you already know the advantages . . . increased 
efficiency, better productivity, lightning-fast 
communications with cross-town or cross-country 
customers and suppliers. 


Now, consider the benefits of buying your unit from 
CompFax: 


e the most competitive prices 
ea full line of FAX machines to fit individual needs 
eexpert technical service and support 
e fast delivery 
eflexible credit terms 
e service contracts 
eprice protection warranty 


CompFax puts it all at vour fingertips! 


Sharp FO-220 
incorporates many networking feature 
of higher-priced madels, such as 
confidential transmission and 
relay broadcast request. 
$799.99' List: $1595.00 
Biow out price! 


Sharp FO-300 
Incorporates high end 
features like rapid 
transmission, confi- 
dential reception. In- 
creased half-tone 
transmission abilities. 
51045.00: 

List $1995.06 


Sharp FO-330 
Features an auto- 
matic cutter, 10-page 
automatic feeder, 
timer transmission 
and polling, halftone 
and auto-contrast 
controls. 

$1149.00; 

List $1795.00 


CompFax 


Customer Support Line and Orders 
Dealer inquiries welcome 


1-800-243-7775 
Call Today! 


Illinois 
312-394-3334 FAK 312-594-5235 


Circle 53 on Reader Service Card (DEALERS: 54) 


238 


Circle SÎ on Reader Service Card (DEALERS: 52) 


BLAST... 
Complete 
Communications, 
ONE Software 
Package. 
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Link two computers or 2000 . . . with 
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* One reliable program 
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* Bulletproof file transfer 

* Termina] Emulators - VT 100/720, etc. 
e Scripting for customized routines 
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suppliers is to adopt mainframe tech- 
niques and recast them into fast and inex- 
pensive silicon, For example, cache con- 
troilers must be integrated into the other 
elements of the PC system logic. At Chips 
& Technologies, we have integrated both 
the cache controller and the DRAM con- 
troller onto the same chip as the CPU 
controller. Other companies (е.р., Intel) 
have taken different approaches. 

Cache architectures are clear indica- 
tors of the migration of the mainframe to 
the desktop. The significance of the 
cache is that, as we push PC architec- 
tures up into the 16-, 20-, and 25-MHz 
performance ranges, there is a need for 
raore efficient memory management. 

The key to this process is to deliver the 
benefits of advanced computer architec- 
ture and still drive down costs. In con- 
templating the role of silicon in the main- 
frame approach to PC design, it is 
important to realize that, unlike the 
mainframe, power and size constraints 
will require even greater emphasis on so- 
phisticated CMOS process technologies. 

Most mainframes today derive much 
of their speed and throughput from the 
widespread use of emitter-coupled-logic 
circuits. ECL is blazingly fast but im- 
poses a heavy penalty in terms of power 
requirements and thermal dissipation. 

The PC's success is due to the fact that 
manufacturers have managed to push 
performance levels while alsn incorpo- 
rating direct cost improvements. Most 
cost contributions have come from the 
ability to do higher levels of integration 
and performance in fewer CMOS chips. 

Semiconductor techoologies offer a 
wide and almost unlimited range of per- 
formance. But in the PC world, it is a re- 
quirement to adopt the technology that 
will continue to drive the relative dollars- 
per-MIPS curve downward. 

Process technology and semiconduc- 
tor chip design are the basis of the PC in- 
dustry. And there is a fair degree of com- 
monality across product lines ranging 
from powerful server-type machines to 
emerging notebook computers. 

For example, the rush in the laptop 
arena is to produce thinner and thinner 
machines. To support that, you will see 
laptops go in a couple of different direc- 
tions. One will be an improvement in 
terms of thinpess and weight; another 
will be support of VGA-quality graphics 
and 16 shades of gray and black-and- 
white and, ultimately, support of 16- 
color LCD with VGA resolution. 

This class of machine requires ex- 
tremely high levels of imegration: single- 
chip logic systems, single-chip graphics 
controllers, single-chip power supply 
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controllers, and so on. Laptop manufac- 
turers are relentless in their pursuit of in- 
tegration, and the semiconductor indus- 
try is responding in kind. 

Then there will appear, on the very 
low end, techniques such as those com- 
bining scveral ICs in one package. This 
advanced packaging technology is now 
in demand to support what is being 
called the “pocket computer.” In this 
case, single-chip integration is insuffi- 
cient; advanced packaging techniques 
are required. 

Probably the two most significant 
trends in the PC world are the drive for 
higher levels of integration and the sud- 
den rise of alternative microprocessors. 
The 8086 architecture has matured 
through the 80286, the 80386, the 
803868X , and now the 80486. Today the 
80286 continues to be the workhorse of 
the single-task, single-user market and 
will most likely be so for the foreseeable 
future. The 80286 market will probably 
not grow a lot but will continue to be a 
high-volume segment of the overall mar- 
ket. At the slightly higher end, and par- 
ticularly in machines where people want 
better communications capabilities, net- 
working. and coupling capabilities, I ex- 
pect to see the 803865X as the highest- 
volume microprocessor, followed closely 
by the 80386, and that followed closely 
by the 80486. 

Currently, severa] RISC-based ma- 
chines are making a play to become a 
factor in thc PC world. Basically, these 
microprocessor architectures are coming 
out of the workstation world with the 
ability either to do software emulation of 
MS-DOS packages or to actually include 
an Intel-architecture microprocessor in 
the computer. 

Although interesting, 1 don‘: think 
that these software-emulation capabili- 
ties will ever be successful as a commod- 
ity product. There are too many compatí- 
bility problems in that approach, and 
speed will remain an issue. 

However, [ do believe that some hybrid 
machines will appear that can support 
both Unix and DOS. It is likely this ap- 
proach will have some common hard- 
ware, but largely separate processors. 

In the near to medium future, I think 
that a number of different developments 
will ultimately lead to a dramatic change 
in PC architectures. One clear trend is 
that just by pushing the clock speed in 
some current microprocessors, 8-MIPS 
machines based on 33-MHz 80386 
microprocessors and 10-МІРЅ machines 
based on 40-MHz 80386s become feasi- 
ble. Now that the 80486 has introduced a 


connnued 


«ар 1 r- M 
fs 


a 


з. 


a 


ae mel A 1 Bm p 
Е. ; E 


# й = „ Fa Р 
F = Р = E au =" 

Qu ي‎ ны, - “ 

Е ы re 

LJ 


~ Finally An on-line servi 


= ч L2 i 
ee лаби! Ti 8 r " E = 
x: 


"A 
LIE 
Loa 

hls “= 


Г» Mey ae 
uam is "uw ua : 


that doesn’t nickel and dime you. 


It's BIX's flat-fee service. 

ВІХ is short for BYTE Information 

Exchange. The on-line informa- 

tion service that's yours for an 

unheard-of flat fee of just $39 for 
three months* —an amount yon 
could easily waste in just two to 
four hours with an hourly rate, 
on-line service. (Not to mention 
the fact that you'd be nickel-and- 
dimed for its monthly minimums.) 
And here's another distinction: 

BIX is strictly for microcomputer 

pros; it contains no “fluff.” Asa 

subscriber, here's what you've 
got coming to you: 

C AU the information and ideas 
exchanged in more than 150 
microcomputer-related confer- 
ences—a give-and-take in which 
you can participate. 

CI Microbytes Daily—up-to-the- 
minute industry news and new 


product information. 

Û Plus support from hardware 
vendors and software publishers, 
access to extensive software 
libraries, and the use of our 
electronic mall service— which 
allows binary attachments. 


Subscribe to BIX right now— 


using your computer and modem .| ^^ 


Set your telecommunications 
program for full duplex, 8 bits, no 
parity, 1 stop bit, or 7 bits, even 
parity, 1 stop bit. Now dial BIX at 
617-861-9767, hit the return key, 
and respond as follows: 


Prompt: You Enter 
login (enter bix"): bix 
Name? hix.flatfee 
You can charge your BIX 
subscription to major credit cards, 
or have it billed to your company. 
You may also purchase unlimited 
off-peak access via Tymnet for just 
$15 per month, or $2 per off-peak 
hour, in the continental US**. For 


more information, including your 
local Tymnet access number, call 
800-227-2985 (in New Hampshire 


& | and outside the United States, call 
d] 603-924-7681). 


"Based on а $156 annual fee, billed 


quarterly — a subscription you may cancel 
at any time without fiture charges. You 


Ш muy also subscribe for а 3-month trial at 


just £59. 

“*For international rates, please consult 
your local PTT. Our international packet 
network address is 3106901 57800. 


JBIX 


One Phoenix Mill Lane 


A Peterborough, NH 03458 


800-227-2983. In NH 603-924-7681 , 
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different microprocessor architecture 
that allows almost a doubling of perfor- 
mance, I expect to see 80486 machines 
that wil] support between 15 and 20 
MIPS in the main processor. 

However, onc thing that will happen is 
that the use of accelerators, floating- 
point processors, graphics processors, 
and communications processors will in- 
crease. It should come as no surprise that 
the coupling of all that silicon will result 
in a machine that has 50 to 100 MIPS of 
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Far document 
typesetting and 
formatting quality, 
PC TRX is the 
difference between 
average and experi. 
It's the next step 
beyond standard 
desktop publishing. 
(T)EXPERT 
Of PC TEX, TABLES 
INFOWORLD said: 
“,.. No non-TEX- 
based program has 
such typographical 
aesthetics. . . enorm- 
ously flexible...” 


And PC MAGAZINE 

wrote: "(With PC TEX) 
. you can achieve 

incredible precision 

in formatting text, 

especially mathemat- 

ical expressions." 


For a free PC TEX 
demo diskette, 
product catalog and 
information on a 
configuration for 
your system, call 
415/388-8853. 
Then give your 
next job the 
(expert touch. 
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fully compatible processing power. 

That is what I would expect to see hap- 
pen on the PC side. On the workstation 
side, I think we're going to see RISC ar- 
chitectures that are inherently very fast, 
powerful processors pushing up casily 
into the 100-MIPS range. The interest- 
ing question to ask is, when will we hit 
the wall in terms of pushing clock speeds? 
In the case of the PC, somewhere in the 
40-MHz range 15 probably getting close to 
the top end of the spectrum. 
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This scenario is likely to develop for 
two reasons. The first problem concerns 
the silicon technology and the sheer 
complexity of designing and manufactur- 
ing the part. Submicron process technol- 
Ор are not trivial undertakings, and 
the design methodology of advanced 
semiconductor devices is becoming more 
complex. 

The second problem i is that the indus- 
try is trying to build these super-PCs on 
plain old cheap PC boards using as few 
layers as possible. Io the case of a maw- 
frame product that runs at 60 or 70 
MIPS, much of the design expertise is 
devoted to issues such as special kinds of 
terminations and special techniques used 
to reduce ringing, radio frequency gen- 
eration, and other technical problems 
that are related to extremely high-fre- 
quency electronics. 

The upshot of this approach is that PC 
board technology and current silicon 
technology may limit the speed of PCs to 
less than 50 MHz. A different architec- 
ture is needed to further increase the 
productivity of the PC. À possible solu- 
tion is the approach being taken by some 
current manufacturers of workstation ar- 
chitectures. These RISC-based ma- 
chines offer more MIPS than the Intcl ar- 
chitecture can provide. 

PCs with multiple processors could 
appear as early as 1990. À true multi- 
processor architecture will dictate some 
dramatic changes, especially in operat- 
ing systerns. In the arca of graphics, for 
instance, there will be developrnent and 
integration into the PC of not just graph- 
ics processors, but accelerators and 
graphics management chips as well. 
These chips will be dedicated to support- 
ing performance and productivity in 
those specific areas. 

A major caveat in this scenario is com- 
patibility, which is pretty much taken for 
granted today. The likely evolution of 
graphics accelerators and other hardware 
accelerators will once more raise com- 
patibility as an issue. 

Compatibility was, and continues to 
be, the foremost issue in the PC business; 
users can't reap the benefits of higher 
performance or lower cost if they don't 
have compatibility. As performance is 
enhanced, compatibility becomes an ar- 
chitectural issue. So far, the industry has 
successfully adapted the architecture to 
accommodate higher performance. ш 


Gordon A. Campbell is president and 


CEO of Chips & Technologies in San 
Jose, California, a company he founded 
in 1984. He can be contacted on BIX c/o 
"editors. " 
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PRINT BAR CODES/BIG TEXT 
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(800) 345-4220 In CA: (408) 458-9930 
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furnish typewritten copy. Ads can include headline (23 characters maximum), 
descriptive text (250 characters is recommended, but up to 350 characters can 
be accommodated), plus company name, address and telephone number, Do 
not send logos or camera-ready artwork. 

DEADLINE: Ad copy is due approximately 2 months prior to issue date. For ax- 
ample: November issue closes on September 8. Send your copy and payment 
to THE BUYER'S MART, BYTE Magazine, 1 Phoenix Mill Lane, Peterborough, 
МН 03458. For more information call Brian Higgins al 603-924-3754. 


BAR CODE . 


BAR CODE READERS 
For PC, XT, AT, — iode eie a ee 
terminal. = like 2n rd, bar 
as data. Wit 
in k 
abot tadga readers. 30-day $5 back. 
Worthington Da Data 8 Solutions 


417A gels SL 
(B00) 345-4220 win СА CA: 406] 4 458-9938 


BAR CODE SOLUTIONS 
Bar coding it $o kasy with Our line of readers. Our 
PC keyboard or —- 


International Technologies & Systems Corp. 
635-C Honh Barry St, Gree, CA 92621 
(74) 900-1880 РАХ: (714) 900-2503 TLX 68020247 ИА 


BAR CODE SOFTWARE SOLUTIONS 
ISD has software solutions (hal allow you to use bar 
codes for most anything, Like c p РЕ рота 


Inquiry 584. 


PC BAR CODE SPECIALISTS 
Bar code readers designed for fasi, reliable, cost 
| effectivo data entry. Looks jusi like keyboard data! 
Choose from sininiess steel wand or laser interface. 
Also, powerful Bar Code and Text printing software. 
Greal warranty. Dealer inquiries welcome. 
Seagull Scientific Systems 
15127 М.Е. 24th, Suite 393, Redmond, WA 98052 
206-451-8966 


BASIC CLIP MUSIC 
300 Songs & Sound Effects 
Батаа 


| An Excellent СІН! 
ТТ ро. manual, 5.25" or 357 daks BASIC 20 or bier чүй. 
inquiries wetcomas. $2855 ($350 US. shh) MCA OO. 
(800) 727-4140--Money Back Guarantee 
POI Music Softens, 1511 48th Sz, Boulder CO BC. (300) 4404140 


Inquiry 585. 


BBS/PUBLIC DOMAIN 


MedCom BBS 


800/445-ABBS (BC (800/445-4227) 
Si üngg. 312724, Ghi 

Group 4 private chal. Many games, Including the new multi- 

player, fast-action full-color graphice & 


sound, "РМ Attack” 
from Galacticonm! Choms/Checkere/Othale E-Mail, 1000s | 
rd es um er ee ee 


& downinads. 
&312 E Santa Ana Суп Ad #381, Anaheim, CA 92807 
Volos (714) 908-9009 


C-UTILITIES 


SCREENLIB" IS HERE! 


portable 
arge! Our special introductory price of 
will expire soon, so don't delay. For lastesi ser: 

vice, call with VISA/MC. 
Business Computer Sarvices, Inc. 
"200 South Robertson Bivd., Sutin 206, Los Angeles CA 90035 


Telephone: (213) 836-5026 Fax: (213) 838-4723 


Inquiry 586. 


CAD/CAM 


Р-С-В ARTWORK MADE EASY! 
Printed-Circu 


IMK ААМ, 
Qr tater. PCBoards Boards: $99.00 "Beno. $10.00 


Boards 


2190 14th Aw -— o^ eee 


MCNISAIAMEX. EX, Money-back Guarantee. 
Call or write for free 100-page catalog. 
Get К ай from “The Bureau" 
Bureau of Electronic Publishing 
21 Norwood Ave.. Upper Montclair, NJ 
201) 746-3031 


Inquiry 588. 


| CD-ROM Publishing Services 

Complete CD-ROM publiahing services including custom sof- 

ware inberiace. Reasonable rates, fast turnaround. Call for 

Tiles published: Foodsaneadyel, EoonStats, ConsuStans, 
MIC mou Botane 9 


ЖЕ... ery SEAS 
(612) 931-9370 CHS 74017,6514 


Inquiry 589. 


CD WORM OULET 
Call BBS and FAX 716-854-3076 
Widast Selection for PC's and МАС 


Jason Enterprises 
218 Pise Et, Goffale, NY 14204, CALL 716-452-8711 


Inquiry 580. 


THE BUYER'S MART 


.. CD-ROM 


CD-ROM Developer's Lab 


al 
ANT CES TT 
cene Mart, inc. 
4131 Spicewood Springs Road FA Austin, TX 787659 
512-346-7887 
inquiry 591. | 


COMPUTER INSURANCE 


INSURES YOUR COMPUTER 


coverage; no list of equipment needed. Ona call 
doas it all. Call 8 am-10 pm ET. (Sat. 9 to 5) 


TOLL FREE 1-800-848-3469 
(Local 814-282-0559) 


| SAFEWARE, The Insurance Agency Inc. 
Inquiry 592. 


OUR SALES MESSAGE 
service 


THE BUYER'S MART 
can heip you reach computer professionals and 
produce valuable inquiries for your companyl 
Call Brian Higgins for more information 
603-924-3754 


Inquiry 593. 


Inquiry 594. 


CROSS ASSEMBLERS | 


CROSS ASSEMBLERS/SIMULATORS 
Broad nae tuf-tuncoon. атца ler he B096 сусе, supporting ALL 
س د ت‎ ph = سلو ہہ‎ i ы-н рр 
disassembiler, ул! £300. Ou apab simulators for he 8048, ЖО, and BONG 
зай for $200, eed Those for the 0052 and 780 for $250 each 
Ош ine of cross assemblers Ку ai above target CPUS are ано bd PC com 
culta arci sed kı БЕЙ euch. We cler discounts ky mue pius marba 
шич 


Lear Com Co ompany 


2440 Kipling St/Ste. 206, Lakewood, СО 
303-232-2228 


Macros, PC Compatible, 
tonals, Fast, Reflable........... from 
EPROM Programmer Board 
MICROCOMPUTER TOOLS CO. 
Phone (800) 443-0779 
In CÀ (415) 825-4200 
812 Hastings Dr., Concord, CA 94518 


Inquiry 596. 


DATA/DISK CONVERSION 


DISK CONVERSIONS 


DX, MAS 11, XeroxANriter, ASCIL. 

FREE TEST CONVERSION 
CONVERSION SPECIALISTS 
531 Main St, Ste. 835, E! Segundo, CA 90245 
(213) 545-6551 (213) 322-8319 


Inquiry 597. 


DISK INTERCHANGE 
SERVICE COMPANY 


Flagstaff a шш 
1120 Kabab Lane, Flags, AZ 


10x FASTER EASIER TO USE 
IBM PC ea TO m HP FILE COPY 


Cal br incre ide Firg CER Bam‏ ا 
ning Services.‏ 
Pivar Computing Services, Inc.‏ 
Arlington Hgts. Rd., Dept. (B‏ 185 
Bulalo Grove, IL 60089 (800) Hi-Plvar‏ | 


DATABASE MGMT. SYSTEMS 
IBM 5 YEARS BEHINDII 


Features: Tha bmi and oniy one on the market with multiple 


$250 per copy for 
MSDOS 30 or higher SEKH RAM ad Hays compatto 


m tt Detacom Solutions 
3611 S. Harbor Bvd., Sule 215, Santa Ana, СА 92704 


MONTSA (714) 434-1000 
our ad on page 178 


Inquiry 601. 
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DEMOS/TUTORIALS 


INSTANT REPLAY Ш 

Budd Demos, Raoriais. P . Presentations, Music, 
Timed Keyboard Macros, and Menu Systems. Includes 
Screen Маке, Ke,stroke/Time Mamorizer, 
and Animator Весо Great Revawe Simply tne BESI Nal 
copy prdladied Mo royalties GO.ciay satisfaction money 
Deck gual IBM and Compalb. $149.25 U.S.Chi/Cr Cro. | 
Domo Diskette $500. 


NOST RADAMUS, INC. 
Salt Lake City, Uh pen (801) 272-0671 
Inquiry 602. 


DISASSEMBLERS - 


80x86 -EXE/.COM to .ASM 
ui 


for each. Commented 
tiens. BEGMENTIPROCAother vital psaudoopt 
PC-DISnDATa (5'4" disk & manual) $165 


PRO/AM SOFTWARE 
220 Cardigan Road, Centerville, OH 45459 
(813) 428-4480 (9 A.M—5 РМ. EST M-F} 


Inquiry 603. 


SOFT-X-PLORE 
See “BYTE's May 'BB issue pg. 78" Disassembie 500 | 
kb ("} program at 10,000/min. (*) in any file, ROM/RAM | 
memory up to 80386 instruction set (°). SOFT-X-plore: 
* t$ for MS/DOS 20+ systems 
* uses 20 algorithms and seven passes (") 
“only $9995 plus S&H w'30-day guarantee. 
To arder сай (800) 446-4696 or indo (203) 853-0235 
RJSWANTEK INC. 
178 Brookside Ad.. Newington, CT 06111 
* best on [he market МОЛБА, accepted 


Inquiry 604. 


DISK DRIVES 


PS/2 De FOR PCs Als 
CompatiyPC.. . : Жы 


ру problem. 
Supports multiple drives and formats. Lets your 
computer use IBM PS/2 14M diskettes plus more! 
Сай for further information or to place an order. 


Micro Solutions Computer Producta 
132 W Lincoln Hwy. DeKa't iL eos 58185/758-3411 
See our ad on page 48 


Inquiry 605. 


EDUCATIONAL 


16 and 32 BIT MICROS 
EDUCATIONAL ay ч. SYSTEMS in a notebook 
with power supply — for the Motorola 68000/68020/ 
68881, T MSS2010 DSP, Intel 8066/6087. A/D-CVA Con- 
vertors, cross assemblers, seria! Interlaces with soft- 
ware, complete systems, documentation, schematic, 
operating system, cables, Btarting Prices — 5230.00 


Phone URDA, Inc. 
1-800-338-0517 


Inquiry 606. 
ENGINEERING/STATISTICS 


vas. Stat Ca 


Research Chart, and Experimen- 
tal Design. Catalog explains faatures, applications, and 
shows sample printouts. Call or write: 

Sof-Ware Tools 
РО. Box #751, Boise, Idaho 83707 
200/943-4437 Fax #208-336-2536 


Inquiry 607. 
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ENTERTAINMENT 


e» e CRYPTO + « > 
a Challanging, Educational, and Entertaini 


| s UT ETE CER kı Del 


Ages. User Pria 
* Only $1895 (CA residents add 655) - 
Р. SALANDA, ! INC. 


Өй Church St. FEK, Los 


sider Go to be the secret of the Japanese business- 
тата success. "While chase jê а game of war, Go i$ 
а дате of market share" President of Nikko Hotels]. 


“Н you are interested in Go, buy this program." 


Сата of the Month J. Pournelle BYTE FE? | 


Toyogo, Inc. The Leader in Computer Go. 
76 Вайса Si. AAY, Lexington, MA 02173, (617) 861-0488 


Inquiry 609. 


FAMILY GENEOLOGY 


AUTOBIOGRAPHY اا‎ EU SYSTEM 
CREATE YOUR Al AUTOBIOGRAPHY 


ramesork and 
бон д vto eren out rer wae 
` Se ae E: 
usi rT special 
ANTE far ctm ce af d y 


“KIDD: & KIDD INC. 
778, Опека, ТЫ WOH 
ur 569-4205 


Inquiry 610. 
| FLOW CHARTS 


| Flow Charting 11+ 
For IBM and compatibles. if will ameze you with its 


Speed, power and simplicity. 28 standard shapes with | 


Over 120 sizaa — 10 text fonts — 4 line styles. Place 
text, lines and shapes amywhere on your chert. For only 
$229 you'll newer draw another chart by hand. 
Patton & Patton 
Bi Great Oaks Bivd., erred 
1-800-525-0082 Ext. 42 (Qutside СА) 
408-829-5376 Ext. 42 (CA/Int'l) 
See our ad on page 156 


Inquiry 611. 


WINDOWS FLOWCHARTER $79 
RPFiow is a professional drawing tool lor ен ge 
& org charts (requires Microsoft® Windows). 75 
shapes automatically adjust in size. Move, copy. 
delete groups of objects. 7 levela ol zoom. Move 
ge, i: other у перак, 
Suppo dows гв, cartridge 
or soft fonts. Call for free Aw disk. 


RFF ELECTRONICS 


LEARN SPANISH! LEARN JAPANESE! 
A пече, easy way io learn a Кир language. Completa in- 
| berectve learning ervironeend with 


tepe. Call lor Demo disk 


Traveler's Guild 


315 W. Washiagion St. Dept YS Marquette, ME 40856 
24-hour order desk: (906) 228-5030 


inquiry 613. 


GRAPHICS 


96mm SLIDES—In 24 Hours 


We trangionn your OC-Graphice fies into full-color high- 
resolution, 35mm slides and ship within 24 hours. Har- 
vard. Pixie, Lotus, Freslance. and others supported. 
Files accepted by modem. Froo Federal Express on ал 
orders ol 20+ sles. Only 58 per ade. Call for габите 
or circle reader service number shown below 


Accent Presentations, Inc. 
900 Highland Drs, Ste. 202, PO. Bor Т. Solana Geach. Са £2075 
! 1-800-222-2692 


Inquiry 614. 


YOUR SALES MESSAGE 
about the special computer product or service | 
thal you provide belongs in print. | 
THE BUYER'S MART 
can help you reach computer protessionals and 
produce valuable inquiries for your company! 


Call Brian Higgins far more information 
603-924-3754 
Inquiry 615. 


RAINDROP™ 


FAST, pe PrtScm Utility for end users AND 
| азіви as 10 goca Average binary | 
size = qo 12 video graphic standards. Scale, яше, 


| colorize and more. ‘CALL’ from user-written programs. 


| Complete 9- & 24pin dot-mairix, inkjet, and laserjet 
library 53995453 s/h. 


RAINBOW TECHNOLOGIES 
8108 St. Daia Ct., Springlold, VA 22153 
(703) 440-0054 


Inquiry 616. 


HARD DRIVE REPAIR 


HARD DRIVE REPAIR 
WE WILL REPAIR YOUR HARD DRIVE AT A 
FRACTION OF THE COST OF REPLACING IT. 
FAST TURNAROUNDII! CALL FOR DETAILS. 


H & W micro, Inc. 
528-.C FOREST PAAKWAAY 
FOREST PARK, GA 30050 

(404) 366-1600 


See ow ad on page 16 


Inquiry 617. 


DISK DRIVE REPAIR 
DATA RECOVERY 
SALES о new, remanufactured and 
гатарда dikê drives 
FULL TECHNICAL SUPPORT 
ROTATING MEMORY SERV SERVICE 


Inquiry 618. 
| HARDWARE 
Digital imaging System 


Digital imaging component sem ture your IBM* PO/AT* 
or compalible info а e CL mici id teoronic imaging 
workataison. BW video camara, 


Components imetuda digitiza 
ae eee, a Hmm lens, 12" video monitor, ө дн 
driven software. мата аа | 
ing. вода enhancerent, filers 


D-CAM" "ЖЫ 
General Imaging Co 
m ap m a den 


Phone (004) XTR-5047 


Inquíry 619. 


HARDWARE/ADD-ONS 


+ namen = 
ыы Dr. &4 
I e ee ا‎ 


inquiry 620. 


HARDWARE/COPROCESSOR 


SC/FOX” PARALLEL COPROCESSOR 
Forth software. 10 


and image processing. and multipie board operation From 


Optional SC/FOX Single Board —— ы e | 

т. ma HEF with boiei. Marling af 

SILICON COMPOSERS, INC. (415) 2227-0700 
California Ae., Suite K. Palo Ало, CA 94306 


Laptop Savings 
: Toshiba = Zenth * Nec » Shap 
= Epson = Mitsubishi e Compaq 

: Modems, Fax 


| Com er Options | Unlimited 
Malden Lane, Bound 

Phone: 201-469-7678 ax 2 201-480-7544) 

Hours: Sanviüpm 7 days Worldwide sales 


BAR CODE READER FOR LAPTOPS 
Smart Pent в a powerful high resolution bar code 
reader with Duilt- circultry for quick data 


connects Into алу 
port, and it includes an on/off switch to minimize 
power consumption. 
سل پل ا‎ BAR CODES, INC. 
Street, Glastonbury, Connecticut 06033 


Inquiry | 824. 


LASER FONTS 


9000 FONTS FOR 1€ EACH | 
DOWNSCALE font generator is the fastest 
mr dr ake portrai, ancscepe, ере, x 

ur OK | 
panded or condensed fonts from 2 to 120 


nts. 3 styles $25, 10 styles $50, 21 
Б Бак айман ен. VISA MC Н 


TRION Y M, INC. 
Sq., Cambridge, MA 02142 
"800-THIONUM 


Inquiry 625. 


THE BUYER’S MART 


MAILING LIST PROGRAMS | 


POSTAL BARCODE T a 
P-Bar Plus is the only IBM compatible 


capacity, Realtime duplicate search. Notes. Im- 
portfexport ASCII text. Free conversion to ZIP 4. 
E E PR EH PAR рои == жа | 
cessing time and losses from misplaced mail. 

$8995. ММС accepted. 


T-Lan $ Fee 
Lan Syste s 
Inquiry 626. 
MEMORY BOARDS 


MEMORY EXPANSION 
intel Above Boarda wLIM 4.0 
8 MHz PC/ATs 
"D. реу Zenith sic, 

MB 529900 
2MB $399.00 
о + WE AT A 
n subject to coo 


COUNTERTRADE (363) 530-5433 
Inquiry 627. 


MEMORY CHIPS 


——( CHIPS 


| Рта streci 
ESSKAY 718-353-3353 


Inquiry 628. 
MEMORY PRODUCTS 


LOW LOW PRICES 
256K DRAM 2568 SIM/SIP 
1 Meg DRAM i Megx9 SIM/SIP 
258x898 SIM/SIP 1 Megx8 SIM/SIP 


All MHz 
A А R Electronics 
1-800-736-3844 


Inquiry 629. 
MISCELLANEOUS 
S.olicit Y.our C.on ress 


нем have everyone in your chub a letter to 

then print phone iat 10 cal tham al peroraby? BVE. 
a 

comes with tha name, Wash vy Mound 

py mp rime dim rel ae Ont 

$4095 ques you ia volume fo Be heard WMG ac. 


T-Lan Systems 


(207) 397-5511 


Inquiry 630. 
MOTHER BOARDS - 


YOUR SALES MESSAGE 
about the specia! computer product or aervica 
that you provide belongs In print. 


THE BUYER'S MART 


can help you reach computer professionals anû 
produce valuable inquiries for your company! 


Сай Brian Higgins for more information 


603-924-3754 
Inquiry 631. | - 


NETWORKING. 


NETWORK BUSINESS SYSTEMS 
Keycard Eliminator. a 1 ccs sese a — 
re келлі йа» гт» 


| NETWORK BUSINESS SYSTEMS 
1215 Woodholiow Drive, Suite 1104, Houston, TX 77087 
(713) 783-4457 


Inquiry 632. 


NEURAL NETWORKS 


“STATE OF THE ART 
reservation.” Steve 


Ep س ا‎ i 
California Scientific Software 


190 E. Momtectto FE, Sierra Madre, CA 91024 
(618) 355-1064 $195 ІВМ PC, XT, АТ, PS/2 


Inquiry 633. 
PROGRAMMER S TOOLS 


LAN Application Development 
NPPC: High períormance Harary routines callable from 
C and Janene High level о i permits rapid 
development ol purto sea pop 
NelBIOS apphcsbons under DOS. Synchronous 

—^ contol. Compact Coda. pa 
Ava. No Royalty. $485 
App Software Technology 
Box 387, Dot. N, Los Gams, СА 95021 
(800) 678-1111 ext. МІ 


Inquiry 634. 


HYPERINTERFACE" | 
А 


BASIC supported. HYPERMATH* — Anne d 
Menu Creator" and nd the Advanced Library. FREE 
Avanpro Corp. 

РО Box B82, Pacific Pasaden CA 90272 
(213) 454-3866 


Inquiry 635. 


Bsupport for Btrieve 


The "Horton Unites” for Girls users. 
| Васі: COSPLAY UPDATE, COPY, and DELETE. 

SOF n E LOTUS. RECOVER damaged fies. 
| сат TSA Briere debugger Displays infa in pop-up indo 
Brun: BUTIL mpiacomem with Runtime end C source 

Bedi/Bbug- $120 Brun: $100, VIBAZMCICODVPO 
000/359-2721 FAX: 517/887-2368 


information Architects, inc. 
FO. Bex 4154, East Lansing, MI 48825-4184 


Inquiry 636. 


ROM BIOS BLUES? 
The AWARD BIOS will Update your PCT, 
PCIAT or 386 to support: 

* Enhanced Keyboards 

е 1.44Mb 35" Fioppies 


¢ Large Hard Drives 
1-800-423-3400 or (412) 762-0384 


KOMPUTERWERK, INC. 
851 Parkview Bid., Pittshurgh, РА 15215 


Inquiry 637. 
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PROGRAMMER'S TOOLS 
TURBO PLUS $149.95 


Inquiry 638. 


FREE BUYER'S GUIDE 
Programmers Connection is an independent dealer 


representing more than 450 manufacturers with over 
1000 software products for IBM personal computers and 
compatibles. Wa have serviced tha professional pro- 
gremmer since 1984 by offering sound advice and low 


prices. Call of write today io receive your FREE com- 
prehensive Buyer's Guide. 
s Connection US 800-136-1166 


inquiry 639. 


INSTANT TEXT SCREENS 


s Assembly language programming for menustext | 
screens із tedious, time consuming work—-FAIGHT? 


* SCREEN ASSEMBLER leta you design screens in- 


© Oniy $4500—Your time le worth it! 


Soft Spoken Enterprises 
19801 Nordhott Street, Northridge, CA 91324 


Inquiry 640. 


© DOCUMENTATION TOOLS 


———X——— 
and Bisses-procedung taiia-ol-conmsimnts 


SOFTWARE BLACKSMITHS INC. 
8084 St. ves Wey, Mississauga, ONT Canada LSNA 
(418) 855-4466 


your 
Starlight Software 
РО Вах 1090, Wheeling, IL 50080 


OBJECTIVE-C 40 MS-DOS 


Object Oriented use 800 companies. 
enl, ti 
Fluntime Library, 


CORE) Ley wer UAM duca eT ut. 
$249 - 30-Day VISAMCIAME Check 


THE STEPSTONE CORPORATION 
75 Glen Road, Sandy Hook, CT 06482 
(800) 289-6253 (203) 426-1675 


Inquiry 643. 
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PROGRAMMER'S TOOLS 


OBJECTIVE-C 4.0 08/2 
Workatation-Class Chject-Orientad Tech on OG ft 
roe ZUMB HO, 052 1.1 
Includes — Oech Compiler, Funtime Library and 


9485 — ODay Money Back 
VISA/MCIAMEX/Check 
THE STEPSTONE CORPORATION 
75 Glen Road, Sandy Hook, CT 08482 
289-8253 —— (202) 426-1478 


Inquiry 644. 
| | PUBLIC DOMAIN 


$300 —— M == IBM PC 
word processors, 


РО Box 8245 Dept, Мал Nuys, CA 91409 
in CA: (&18) 784-5503 BO0-24 


$1 per DISK Sale 
20 TOP IBM PC PD/SW DISKS 
— ONLY $20 + $3 S&H 


FC-Styls, | Bast 
Games, Home Inverttory, PC-Outtina, Form Letters, 
ImagePrint, SideWriter, PC-Prompt, Best Utilities. 


Inquiry 646. 


FREE CATALOG 
PUBLIC DC DAE 


do Perd than S hen or Ani UT Uis 
AL ال‎ e ар Amiga & ST as low аз $140 


FREE CATALOG 
$1 IBM SOFTWARE 


| OH ret eee mr Edition catalog 
the best of IBM Shareware trom just 
$1 each, call or write todeyl 


1-800-338-2118 


SOFSOURCE 
Box 828, East Lansing, MI 48826 


Inquiry 648. 
REMOVABLE HARD DISKS 


DROP-KICK A HARO DISK 


Fi the bite loli af, 2 mot а Tandon Personal Date Fec-—The on- 


iud ready io go with ona 40b da pac. 
only $830. Call now with VIGAMC 
Business Computer Services, Inc. 
1800 South Roberton мі, Sule 208. Los Angeles, CA ОС 

phone: (213) 838-5028 Fax: (213) 836-4723 


Inquiry 649. 


SECURITY | 
THE ULTIMATE COPY PROTECTION 


в ACC On WNAnda сытна 

s Cannct bg copied by any булон inci. Opinn Board 
+ Ful Һан diik analtabie 
* Norme! back-up of promised programa. 


» Сола wala ‘demo venkon di your кейт 
Stan Pak $450 
Бонк Version $975. Auinmatic тыю $1950 
DANCOTEC Computer 


UE R LP СА ВНЕ A THES no WIG aee гар 
tft 2800 биш, битті Prose ATED — fe oua] 


Inquiry 651. 


Ellashim inc. 
EARN Hey 436, Sure 1190-30, Altamonte Spgs. 
TEL: 407582- - FAX: 


(408) 773-9880 
SOFTGUARD SYSTEMS, INC. 
TX) Catone Side N Sunnyvale, CA BONS 

FAX (400) 773-1408 
Inquiry 653. 


HANDS OFF THE BOARD" 
V2 SIZE SECURITY BOARD 


Step Boppy boot — Aiqui password t bool PC 


SYSTEMS CONSULTING | INC. 


PO BOX 111209, Pittsburgh 
(412) 983- 


Inquiry 655. 


SOFTWARE/BUSINESS 


DATA ENTRY 
POWERFULLY SIMPLE 


EASTERN SOFTWARE Па МОРТ, ING, ao 
РО Вак 15328. Alexandria. ЧА 


Inquiry 656. 


enable COSTIHIGH nen Manage 


agement, Accounting 
Many mora staring af $39. Er IBM PC Compatibles 


and the Аал ST. 
HITECH ADVISERS 
PO. Box 7524, Winter Haven, FL 33883-7524 


| 1-800-882-4310 кой TECHNICAL INFO (013) 200-3605 
Боба ($13) 294-1886 — 24 HOUR FAX (813) 325-0175 


Inquiry 657. 


LOCATE HARD-TO-FIND BUSINESS 
AND STATISTICAL SOFTWARE 


Lionheart Press, In inc. 


PO. Box 379, kg rt 
(514) 933-4918 PA: (514) 1 939-3087 


Supports LAN 
| Evaluation copy {all programa & documgeiaton) aveilabie. 
Call day kr information! 


Inquiry 660. 


THE BUYER’S MART 


SOFTWARE/DEVELOPMENT | 


call or wita for а FREE copy of the premiere issue of Mid- 
might Engineering. 


DATArx 
тїї E. Drake Ай. Suite 7041, Fort Colfins, CO BOS25 
303-223-2120 


Inquiry 663. 


MASS & VOLUME CALCULATOR 
WITH MATERIALS DATABASE 
Calculate the volume of dozens of shapes easily with 


DEMPSEY'S FORGE, software Division 
Fit 2 Box 407, Gladys, VA 24554 
Let us FAX you a filer, CALL 804-283-4802 


PCB THERMAL reine үч 
A Printed Circuit Board's greatest enemy 
cess heat. Prevent overheating pex PCB 


THERMAL ANALYSIS SOFTWARE. РСВ в ап | 


KCH PROD 
PO Вох 1416, Burleson, TX 78028 


Inquiry 666. 


` SOFTWARE/ENGINEERING 


SIMULATION WITH GPSS/PC* 


GPSS/PC* i an MS-DOS compatible version of mea 
(ar mainframe simulation language GPSS. 
lcs, animation and en extremely interactive en- 

CÓ E 

thus crimi 


of = com- 


Are corniemplating or modification 
plex eremi you need QPSS/PC to help you predict he 


"MINUTEMAN sl 
PÛ. Bow 17V, Stow, Maecacnusens, U 


(508) BüT-BREZ2 mrt. Ho e d 


Inquiry 687. 


FREE ENGINEERING MAGAZINE 
Personal is a monthly magazine sent 
tree of charge (USA only) to scientists/engineers 

| who use PCs for technical applications. Topics 

| each month include Instrumentation » Osta 

| trol » Design Automation. To receive а 
free sample issue and qualification form either cir- 
cle below or send request on letterhead to: 
Personal Engineering Communications 

Box 300, Grookline, MA 02148 


Inquiry 668. 


PC CIRCUIT DESIGN AND ANALYSIS - 
REG. РАСЕ баё 


SOFCAD ELECT RONICS, INC. 
1508 ESSEX ROAD, COLUMBUS, Ot #3221 
PHONE (614) 466-3400 


Inquiry 669. 


TUTSIM™. уздз n i em lor Linger amd Non- 
Linear Continuous System ion rw vs 
PERSONAL Prices for PERSONAL Use: $129,501 
ars т gel de ra air | full text and examples. 
An analog computer in your "IBM compatte” 
ge en rode e epa et 
Came program as our $5935 professional version 


TUTSIM Products, 200 Самота Ave., is 


Responsive Software 
1801 Tunnel Ad., Berkeley, CA 94705 
200-869-461 — VISA/MC 


Ed ticket manager, over 50 programs 
in catalog. Macintoah too! Please call. ar write, for 
Free Catalog! 
RockWare, Inc. | 
4251 Kipling Ši. Suite 595, Wheat Akiga, CO 50033 UGA 
(303) 423-5645 Fax (303) 423-6171 
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SOFTWARE/GRAPHICS 


PC TECHNICAL GRAPHICS 
TEKMAA із a p library for the МОА, EGA or Tac- 
ma Graphics г. Bimilar to PLOTO, includes WIH- 
DOW, VIEWPORT, АХЫ. Bupport for HP, Hi plotters. 


"Ag ene as any | have ever seen... 

ligrature salable. 
Advanced Systems Conaultants 

21115 Devonshire St. #329, Chatsworth, CA 91311 


2320 Maringnip Way, Sausalito, СА 94865 
(800) 525-2763 


АЙ the routines you need for 9i CADYCAMICAE 
gram! 250 эч اسف فم ا ا ا‎ Bises arad 
бын lines, arcs, circles, efipses and avan splines! 

$199 includes source code and telephone support, 
Сев (817) 628-5217 today for information or to order! 


Building Block ботите, PO Gar 1373, Somer, MA 02144 
Inquiry 674. 


Technical Report Graphics 


E LA RP DE NOR EN PU a m an 


= Technical ХҮ plots from data for 
ica mditing on астап, drawing, text 
symbols, Lotus impies 


— Log axe, a 
DIGITAL ANALYTICS 
PO. Box 31430, Houston, TX 77231 
(713) 721-2069 


Inquiry 675. 


TECHNICAL GRAPHICS ШЕШШ. 
GEE FROM ANY LANGUAGE | 
e Logarithmic, Time/Onte & Linear Argo. 


= Plus much much more... 
Oniy $95 Call Today 600-284-3381 


Edmond Software, Inc. 


8900 Mosteller Dr #1125, Oklahoma City, OK 73112 
Inquiry 676. 


PEN PLOTTER EMULATOR 


FPLOT turns your dot matrix or laser printer into 
an HP hi-res vare udi No о lagged 


lotter. Fast 
lines. vary line width, color 
Dratix, etc. Supports N EC PAPE | IBM gs 


E ЦОРХ, Toshiba, HP Lasa 
S/a, Hercules! CGA/EGA/VGA. SEA үле 


Fplot Cum. 
24-16 Steinway St.: Suite 605, Astoria, NY 11103 


718-545-3505 


Inquiry 677. 


THE BUYER’S MART 


SOFTWARE/GRAPHICS 


GRAPHICS PRINTER SUPPORT 
AT LAST! Use the PriSc key to make quality scaled ВАМ | 


FORTRAN PROGRAMMER? 
Mow you can сай 2-0 and 3-D graphics routines within your 
FORTRAN program. 


For the IBM PC, XT, AT & compatibles. He 
variety of compilers, grapica bat., plotters 
MICROCOMPATIBLES 
301 Prelude Dr, Dept. B, Saver Spring, MD 20001 USA 


Inquiry 679. - 


GRAPHIC TOOLS LIBRARY 
eed Windowhaswpont, arcs, splines, Бодита 


sign, БЫ, perm, Мао. 
ee Animation Over 150 func 
PC VDk sa. dem ойр n aee ie an cuttin 


digire movies! C 
Of XO GIF Pica viewer EGANGA requi 
Itu 
CGA games Fun to Tum-Dn! 
Each item = (&25" d $20, 35" @ $25) 
FREE CATALOG WITH EVERY ORDER 


MC/Visa (800) 263-4060 Ext 548 
SILICON VALLEY FREEWARE 
РО. Вах 70397, Sunnyvale, СА 94056 


Inquiry 681. 
SOFTWARE/LANGUAGES 


Your Complete С Resource 
" Tutoreis * "HowTo" Articles 
* User Fiapors * Coda А Tools 
муе bringa you you шебш C information from induamy 
sima ме ше EAM SN Үр, 
йн programmers. 


Stine noa sat 128 у: (HS ceris) Sand payman 


The C Users Journal. 
2120 W. 25th S, Зм. B, Lawrence, K5 
(913) 841-1631 


Inquiry 682. 


FORTH with DRUMA FORTH.83 


8448 Hwy, 290 East E103, Austin, TX 78723 
Ordera: 512-223-0403 


Inquiry 683. 
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BBoard: 512-323-2402 - 


SOFTWARE/MATHEMATICS 


Der | 
A ee 


HARD TO FIND COMPUTER SUPPLIES FOR 
SOFTWARE DEVELOPERS & POWER USERS 


Cloth binders 4 slipceses Ше IDs. ryt binders, homes, end Кел; 
in many sizes. Disk pages. 


SAVE SAVE SAVE SAVE 
LET'S TALK PACKAGING 

complete packaging verde, Јене 

you need to market your software, Call for our free 


SOFCOM үзү! and Packaging 
10305 Reading Ad., Cincinnati, OH 45241 
513-563-7136 


TableCurve—TableCode 
 Curve-Fit 211 Equations in a Single Step 


Inquiry 689. 


| SOFTWARE/SCIENTIFIC 


LARGE MATRICES 


mud x pier س‎ 


£u 
JOYCE NUMERICS INC. 
500 Choserorock Bha., Sune 15 C-6, Wayne, PA 19067 
(215) 983-8013 


Inquiry 690. 


Free catalog includes 
technical application notes 


1-800-942-MATH 


MicroMath Scientific Software 
Salt Lake City, Utah 84121-3144 


Inquiry 691, 


POWER FFT 


High periormance РЕТ routine trary loc the iBM-PC. Lisos 


SOF FTEC plus 83 shipping 


PO. Box 2363, Yiestford, МА (1886 


HANDS OFF THE PROGRAM* 
OPERATING SYSTEM SECURITY 


Drive A: Boot Protection і Hard Disk Lock | 
IBM PC ог 10086 comp. — DOS VIO: — A005 + S175 SH 


SYSTEMS CONSULTING INC. 
PO BOX 111209, Pittsburgh, PA 15238 


Inquiry 693. 


SOFTWARE/SORT 


OPT-TECH SOHT/MERGE 
— SoriMerge/Select utility. Run as an 
command or CALL as a subroutine, Sup- 
v most languages and fle types including T: 
and dBASE Unlimited file sizes, multiple keys and 
much more! MS-DOS $148. OS/2. XENIX, UNIX 


$249. 
(702) 588-3737 


Opt-Tech Data Processing 
РО. Вок 878 — Zephyr Cove, NV 89448 


inquiry 694. 


| STATISTICS | 


NEW STATISTIX™ 3.0 
PC Magazine Editors Choice! 
е Supari Data Management = Excelent manual 
a Easy lo use = Fast, free support 


* Range & Depth of Statistics 
Buy the BEST for t the price of the competition 
CALL 612-631-2852 Now 
No-risk 30 day money beck guarantee 
Analytical Software, ex 12204, Roselle, UM ssis 


Inquiry 895. 


THE BUYER’S MART 


STATISTICS 


DBMS/COPY 
CONVERTS YOUR DAIA INTO INFORMATION 
Now your inus wai package can accade any борада | 

GOES се улы дд. 1 бв 
fta (БАБ, SPSS, SYSUT, etc.) end vios versa. Tha PLUS version. | 
айс SONS, ауры, ang гесамаларог. FHS SÓ-day guerre | 
VISABRCIAAME XJPOWCOD. 


CONCEPTUAL SOFTWARE INC. 
Вох 56627. Houston, TX 77250 
(713) 6674222 FAX: (711) 867-3FAX 
1-800-S TATWOW 


Inquiry 696. 


THE SURVEY SYSTEM 
designed 


queetiannalre 

tabs & related tables, statistics (incl. regression) & bar 

Chans Codes and reports answers to open-end 

Questions. All reports are camera-meady for profes: 

sional presentations. CRT interviewing option. 

CREATIVE RESEARCH SYSTEMS 
15 Love Ou Cic, Depi. B, Petslums, СА 94062 

707-765-1001 


Inquiry 697. 


StatPac Gold" 
StaiPac Gold is the award-winning stairstics and 
forecasting package that delivers. It's fast, flexible, 
pasy ta use and dependable Timetestad and Бадеа 
with features. ‘You be the judge Get the facts! Сай 
lot your FREE brochure. 


1-800-328-4907 
Walonick Associates, inc. 


6500 Nicollet Ave. 5., Minneapolis, MN 55423 


Inquiry 698. 


TERMINAL EMULATION 


DEBBI Does Dbase 
Dbasa/Fmulation Board Binary interface 
Now, with DEBEL û Desg, you can easily deegn 
utilize س‎ ae = 
"Eu ins ard anf in tee Filo D 
module for Clipper users. $85 single usec$295 developers. 
Ману Sonware 
6802 Ridge Bied., Suite 4-H, Brooklyn, NY 11226 
(718) 748-0249 


Inquiry 699. 
UNINTERRUPTABLE POWER 


HOW TO PROTECT YOUR COMPUTER | 


power preobiema. 
largest manufacturer of singis-phass UPS 
Beat Power Tochnol inc. 
M LER ME 
(608) 505-7200 axt. 7747 


Inquiry 700. 


| UTILITIES | 


COPY АТ TO PC—BRIDGE-IT 35 
^OPOTZPC RELIABLY «raga 38068 Bopgies c 12 MB drives, spring а 

зка for а Second heed бик oc tapa backup Oriy $7200 + SM 
Ju" POKER" ыма 
DOS/B»0S. $3000 4 SH 

| BRIDGEIT 15 GUMOLED WITH INTERNAL 14448 DRIVE AT 
V2300 + SH VISIU/MCIACOD UPS ÈR 


MICROBRIDGE COMPUTERS 

655 Sky Way Suite 113 San Carlos, CA 94070 

1-415-593-7875 (FAX) 
1-800-123-8777 


*15-593-87T7(CA) 
1-618-045-0813 (CANADA) 


Inquiry 701. 


UTILITIES 


| -nos AppleWorks + [BM 
| KS transfera both ways batween 
xis йолу and IBM PC/XTIAT/PS-Z & 


with Word- 
Perfect (keeps pni Lotus 1-2-3 (keeps 
formulas), and dBase ШЙ Included cable 
plugs in serial ports for 19,200 baud transfers. 
Easy menu operation. 
Phone (919) 878-7726 for free infe packet. 
SofSpoken Co., PO Box 97623, Raleigh, NC 27624 


Inquiry 702. 


SAVE TIME and MONEY 
with the RED Utilities. Programs include: Batch fila 
compiler speeds batch files. Disk cache speeds 
hard and floppy дівка. Printer spocier Path com- 
mand for dara files. Wild card exceptions. Sort 
directories, Over 10 more programs. Оту $79.95. | 
Order today! 30-day money-back guarantee, IBM 
FC. Visa/MC. 


The Wenham Software Company 
Burley St, Wenham, МА 01904 _ (508) 7747038 


applicationi 
Flagstaff Engineering 
1120 Kaibab Lane, Flagstaff, AZ 8500 


TU 705. 


FARSI / GREEK / ARABIC / RUSSIAN | 
Hebrew, aD European, Scandinavian, plus ether Hindi, Pun- 
jab, Gangsii, Gujarat, Tamil, Thal, Kaman, Viet, cr ЇРА Ful- 

! barred word on-senten 


proceesor парро 
foreign characters and NLO printing with no hardware 
mechiications inclodes Foot Edao. $355 do matrix, $150 
add" icr inser; $19 demo. SH in US. мо, Rea. PC, 640K, | 
graphics. Otay Guaranisa. MCAVISAJAMEX 


GAMMA PRODUCTIONS, INC. 


710 Wilshire Bhd., rear daa Са 80461 
21334-3822 The: 8106008273 Gamma Pro SNM 


inquiry 706. 


DuangJan 
Bilingual word processor tor English and: Armenian, 
B Ei. Bur Eun абліта, : 
Hindi, Khmer, Lao, Punjabi, Russian, Sinhalese, Tamil, 
Telugu, Thai, Ukranian, Viet, ... Only $109«$5 wh 
(foreign + $12 sh). Font editor included. For any (BM 
compatiblas with dot-matrix А LaserJet printer. 
$8431 sh. Visa/MC 
MegaChomp Company 
3438 Cotman Ae , Philadelphia, РА 19149-1806 
215) 331-2748 FAX: (215 


Inquiry 707. 


PC-Write 3.0 — Shareware 


mE 
fies & multigis columns. Alio арай check 
acra 


on disk: $10. Registration with manua, guppa newsiater 
and 2 free updated: $92. 
90-day money beck guaranties. VEAC. 
1-800-888-8088 
| 219 First Ave. N.. #224-BYTC, Seattie, WA 88109 


Inquiry 708. 
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Circle 107 on Reader Service Card 


б / 
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Excellence in Emulation 
| ©) 


Tektronix graphics for PS/2s and PCs 


* enhanced PC productivity 
• network and serial communications 
e correct and complete emulation 
+ easy to install and use 
—* clear documentation 
* dedicated tech support staff 


DATA 
SYSTEMS 


FULL TEK GRAPHICS 


10801 Dale Street, Suite J-2, PO. Box 615, Stanton, CA 90580 
(714) 995-3900 (800) 962-3900 FAX (714) 995-3989 


FT 


à VI: Point & Shoot" 
NAL MEN 
SERIES | $75" 


Navigate through your PC painlessly. 
А menu system which makes 
your PC work the way you do. 


m Access to 160,000 applications 

B Full security including Exit to DOS 

а Built-in Screen Saver with date/time box 

a Non-memory resident 

= Over a dozen new features that you've asked for 


NEW ADDITIONS to the 
VI: Point & Shoot family: 


Yl: PS-NET - Advanced Point & Shoot network menu 
Vl: Security Blanket - Elegant, PC security and manu 


$98" 


VI: Influence™ 

The electronic rotary file for every 
PC user who must locate / talk to / 
- Influence! - someone else to get things 
done. 


B Finds contacts as vou type 

m Saarch оп any combination of 11 fields 

B Uses multiple dBASE Ill-compatible databases 
B Autodialer, tickler tile, print spooler, and more! 


VARTECK 2 
International 


For the dealer nearest 
you, call us toll free at: 
1-800-456-1777 or 
1-201-740-1750 


BYTE 
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Circle 11 on Reader Service Cani 


| 9-TRACK MAG. TAPE SUBSYSTEM” 


FOR THE IBM 


PC/XT/AT AND... 


For information interchange, backup and archival storage. 
AK Systems offers a 9-track, IBM format-compatibia 
V2" magnetic tape subsystem for the IBM PC, featuring: 


B |BM format 1500/3200 and BOO cpi. 
я Software for PC-DOS, MS-DOS, XENIX. 


= Also for AT&T, DEC, VAX, 
VME, S-100. AKSystems 

20741 Mardla St. 

Chatsworth, CA 91311 

(818) 709-8100 

FAX: (818) 407-5889 


Write, phone or TWX for information. TWX: 910-463-2071 


Don’t Move! 


without telling 


BYTE 


Clip out form Белу 
and mail to: 


BYTE Magazine 
PO. Box $55 
Hightstown, NJ 08520 


At least € week before you mee, please give us your 
new address and/or name change 


(Please Prin 
Mew address. name 
Narre 
Address ——000000 Ap. 


| ————— ————— 


Print current name amd address 
(or affix the mailing label from your current issue of BYTE here) 


Current address, name 


Name 


Site ip 


DELE LI mı ay ee ee DL": eee ЫНЫР БЫШЫР ШШЕ ee 


-e a— e e ино. ee ee ss es sa ee Е 


Circle IS on Reader Service Card 


DOS IN EPROM 


Or any other code, for that matter! PromKit allows you 
to create Eproms that look like read-only disk drives in 
your PC-compatible systems. Use PromKit even if you're 
not a programmer. Just use PromKit to convert any disk 
into EPROM images for your Prom blaster! Copy sy$- 
tem files, batch files, data files, or anything else you 
want. Use Proms for read-only, SRAMS for read-write! 
Includes source code in б. Over 180 pages, including 
disk, only $179. 


| FREE We'll include a free copy of the 
pocket-sized XT-AT Handbook by 
Choisser and Foster with each PromKit if you men- 
tion this ad when you order, Of course, this $9.95 
value is also available by itself. Or buy five or more for 
only $5.00 each. 
(619) 271-9526 [= 

Annabooks 

12145 Alta Carmel Ct Suite 250-262 


-— 
san Diego, California 92128 Money-back guarantee 


w 


2400 bps MODEM 30 ни FREE TRIAL 
ЕСОМОҒАХ.. on MNP-5. . CALL 


Many low cost modems are faulty or very error prone... Not ours!!! 
PERFORMANCE "/ have recently had a fot of trouble getting 2400 
BAUD MODEMS to work...this one is working perfectly "R.T. Moreno 
Valley CA. SUPPORT "/ get the impression that your company, 
indeed, bends over backwards іо provide service іо ifs customer.” 
M.F.. Selma CA, SUPERIOR TECHNOLOGY...The phone connection 
is the main source of data amors. DYNAMIC IMPEDANCE STABILIZ- 
ATION, DISn (invented by CompuCom) improves signal quality and 
reduces these errors by up to 95% compared to a standard modem. 
Model 2400 (without DIS) at $95 outperforms the low cost alternatives, 
[he 24DIS at $119 outperforms the challengers, regardless of cost. IBM 
internal, Hayes compatible, made in USA, 6 COM ports, internal 
speaker, five year warranty, EasyCom software, dealers inquire. If you 
aren't totally satisfied, retum within thirty days for a full refund f 


March ‘a9 р102 BYTE MAGAZINE 
CompuCom "Real deal..worked fine..quite а bargain. 


Corporation CALL (408) 732-4500 (800) 228-6848 


Circle 57 on Reader Service Card 
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VOICE RECOGNITION/SYNTHESIS 
HEARSAY 1000 - An advanced, easy to use high-quality 
system that adds voice recognition and speech synthesis to 
existing MSDOS or applications software. Voice commands 
replace keyboard commands and macros. Verbalizes text 
printed to the screen. Includes plug-in card, speaker/micro- 
phone assembly and instructions - $149.95. Speech only - $99. 


IBM PC and COMPATIBLES 


HEARSAY 2000 - Similar to the HEARSAY 1000, incorporat- 
ing advanced recognition algorithms that generate 98% 
accuracy, are 3 times faster and utilize rejection. Includes 
plug-in card, high-quality headset assembly and instruc- 
tions - $299.95. Allow 4-6 weeks for delivery. 

HEARSAY WORD PROCESSOR VOICE INTERFACE - 
An on-line system that automatically controls top word 
processors (WordPerfect, Word Star, etc.) via voice. Voice 
tutorial option also included. increases productivity and 


eliminates costly training investments - $299.95. With Hear- 
, mangy 
add $4 sh /hd, COD ad- 
HEAR SAY [EY 
HARDWARE WAR- 
mini/mainframe world. OUR | 


say 2000 $499.95. Allow 4-6 for delivery. 
ditional $3. 30 DAY 
1825 74th STREET, BROOKLYN, NEW YORK 11204 RANTY 
OVERLAND DATA will bring | 
ENGINEERS DESIGNED the | 


HEARSAY RECORD & PLAYBACK - Available soon. 
ORDER LINE (718) 232-7266 саса — 
MONEY BACK GUAR- 
ANTEE. ONE YEAR 
out the GENTUS IN YOU when it 7 
comes ro connecting your PC fo the 


most successful tape drives, | 
controllers and software in use 


today. Call the experts .. ODI! 


* PC/XT/AT/386/PS2 & Compat. 

e DOS, XENIX, UNIX, NOVELL | 

„ 800, 1600, 3200, & 6250 ВРІ 

» Outstanding Customer Support 

* 24-hour delivery available on 
Cipher, Quaistar. Anritsu & M4 


E Р а : 


"See us at Comdex &W604" 


(UY Overland Data 


UL "Experience Makes The Difference" 


CALL TODAY AT 1-800-PC-9TRAK! 


5600 Keamy Mesa Road • San Diego, CA 92111 
TEL: 619/571-5355 * FAX: 619/571-0982 
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Circle 280 on Reader Service Card (DEALERS: 281) 


# 9 
Buying a 286™ is a dead end— 
However, buying a 386™ systern based on price 
alone can also be a bad decision. Buying too 
much or too little computing power is expensive 
and frustrating. Your Pi representative will 
analyze your computer use and design the right 
machine for your current and future needs. Your 
Pi computer will then be built exactly to your 
specifications. Pi Computer offers a line of DOS, 
QS/2™ and UNIX personal workstations based on 
a variety of 386™ motherboards, field proven to 
serve professionals in business, engineering and 
science with applications from text processing 
and accounting through advanced design 
verification and graphical process simulation. 
Platforms range from a 16Mhz SX" through a 
386DA™ Cache/33. 
Call Pi Computer to ensure that the professional 
workstation you purchase today will also serve 
your needs tomorrow. 


» 9 á \ 
EUR | i 


4 BEA 3 


Beyond the Standard 


1030 Eartysville Forest Drive 
Charlottesville, VÀ 22936 USA 
Orders: 800-6NO-WAIT (800-666-9248) 
Information: 804-978-3917 Fax: 804-978-3906 


CACHE CONTROLLER 
WORLDS FASTEST ACCESS TIME 0.3 MB 
And you already have the drive! 
Periect for CAD CAM and Desktop 
Publishing 
hyperSTORE B16 SPU 
REVIEW IN THIS ISSUE 


8087 64K 256х9 
80287 256K 256х8 
B0C287A12 4464 1MEG x8 


| 80387DX VIDEO 1 MEG x 8 
BO0387SX 1 МЕС LOW PROFILE 
Dealer and ОЕМ Inquiries Welcome 
Tel: (213) 383-9701 

FAX: (213) 383-3423 

G. Heed, Inc. 
258 South Western Avenue, LA. СА 90004 
Shipping and handling charges may apply. 
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= CHIPS & TECHNOLOGIES NEAT 


CHIPSET 


= 0 WAIT STATE WITH 100 NS DRAM | 


u UP TO 5 MB MEMORY 
^ 
@2SERIAL/1 еп 


u LIM MEMORY For 1 LER 
аре 
а AT SIZE 2. Made in USA 


E m. a 


| 3868X BOARD sanz) STARTING 


SYSTEMS FROM $1,249.00 
1 YEAR WARRANTY 
PERIPHERAL TECHNOLOGY 
1710 Cumberland Point Dr., #8 
Marietta, Georgia 30067 
(404) 984-0742 
Fax: (404) 984-8248 


MCAVISA No Surcharge 
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Awa 9 TRACK 
TAPE SYSTEM 


FOR 18M lei T 


m 
^ 


« Maintrams to PC Data Transtar 

* High Speed Backup 

» Mi Software, Complete System 

- Service and Support, sasy 
Installation 


cal (818) 343-8508 or write to: 


CONTECH Corp. 
Pk Hoa 113 Татала Gh атма 


CONTECH 
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— QUALITY PRODUCTS 
COMPETITIVE PRICING 
PROMPT DELIVERY — 


DFI Scanner „ | NEW! Multiscan № 13.5" and 5.25" 
and Mice | IBM Compatible Display a em" D 


; Fi Disk 
pum P d Monitors & Packages Card Package! AS et 
«<= | Monitor/Card Packages m— 


JE1000 T5104 EGA Meriter а EGA Card vin $450.06 | МИРТ Pictured 
JE2058 тм5:97 Multiscan Monitor А VGA Ош $609.95 | 
JE2060 TM5156 VGA Monitor А VGA Card ser $529.95 


Display Monitors 
E | AMBER 12° Amber Молете... .,, $99.95 | | | 
Logitech Mice & Scanners B | HDSSH 14° аба EAN oan... $249.95 Toshiba 


Also Avatiabie! SKU _ 8100.05 
—— M90705 16° Mulisoan Monitor 1290 и 800 iem: $1099.05 E - aL EN 81 


TM51 54 14* EGA 720 E 950 DPP E кар $369.05 ! | | FD55B 5.25" 460b Half Нені ears 95 Ц 
ТМ5196 14 VGA 720 x 4B0.......................... $399.95 xu : [| |FD55G 525 1 2м Ha Haicht...... $119.95 | 

TM5157 14" Multiscan BOO x 800 .................... $469.98 oe | Jameco | 
GM146B 14° Flat Paper White Manochrome........ $119.95 A PERS ЈЕ1020 5.25" 0 Had Height Sack $89.95 Ш 


JE1021 5.25" 260K На Height Gray $89.95 E 
GM1489 147 Flat Screen Amber Monochrome ..... 109.95 | ЈЕ1022 + "TM дл» Hal Hah Gray $99.95 P 


ew! 5С5! | 


Call or Write сөт Hard paves | 


Today 
for a FREE 
80-Page Catalog 
24-Hour 
Order Hotline.-- 


(415) 592-8097 


ииненин 


BE 


ALL. 


Jameco DB25 & Seikosha 9-Pin Dot 
Centronics Switch Boxes Matrix Printer 
( Data Technology 

JOMb Sarig Disk Card 


* IBM PC/XT Compatible « Self-coniained f 
hard disk sub-system * Low-iaval formatted 
* Easy Installation т Seil-booting = Low pow- 
er consumplion ~ One-Year Warranty 


e ا‎ 95 


in 49 minutes * Back-up 60 to 120MD with ех: 
tended lapes and dala compression software 


subscript and underlining 


Рап Мо. —— Description — — à— — Price 
SP2000 Det милк Printor...$199.95 
PRI  Repacament Printer Fibbor.....$9.95 


Compu? n a 
“ль M IBM PC/XT/AT and ани 


| | g^ JE2017 Pictured 


JE2015 &eKay Standard AT Style Layput ..... ener peer rennen DOOS 
ЈЕ1016 101-Key Enhanced Layout with 12 Function Keys .........,.........-..-........ 989.95 
ЈЕ2016 111-Key Enhanced Layout with Solar Powered Саїсы!аїбг..................... #7 9.95 
JE2017 NEW! 104-Key Ennanced Layout with Trackball (200 DPI Respite. $99 ‚95 | | 


E 


for IBM PC/XT/AT, 386 or Compatibles 


Рал Ha —Deecrpion Price 
CATR САТ Trainable OCA... $189.95 
EASY WORDSTAR EASY | 
Рип Ho... Description Price Word Processng ......... $39.95 
EGAP ғал Pair Program... $79.95 QAPLUS DiagSoh Diagnostic ..... $09.95 
H 
VGAP VGA Paini hag ылы AL 95 SPINA Spinta Hard Disk 


Dynamic RAMs V20 & Math Coprocessors | 
4164-150 — 55 536 015009... $2. ОРОМ108-5 (51Hz) v20 (Replaces ACES) ....$5.25 | 
41256-100  262,144x1 | OE) UPOTO108-B (бане) 720 (Renta 80997) ..56.95 Ш 
41256-120 202.1441 (12008) J 6087-2 PENT Comp (BMHz)......$120.95 
41256-150 242, adc! (1EDry)........ B0287-10 АТ Comp (OMS .......- юн 
511000Р-10 1,548,576x1 (1000) .....212.96 | 80387-18 350 Como. (16MHz)....... 
511000P-80 1,048. 578«! (Brist. $19.95 


— — 


1355 Road = $25.00 Minimum Order - U.S. Funds Ол 
Belmont, CA D4002 anaes h : ' CA Residents Add 65», 6 5% or 7% Sales Tax 
24 Hour Order Holline (413) 582-0097 Shipping - Add 5% plus $1.50 Insurance 


паке 178013 "Ane. Back. Jamoes Bimr lameco есе (May vary Beci io weight ard shipping method 
nge naucg. 
= № ARG 62 We are not responsible tor typographical errors. 


Data Sheets · 50¢ each VISA 

Eam terranes UR e ELECTRONICS auc rp br 
Products pictured may ست‎ as fepreseniaiive 

bL. күне uainess сш Ld Completa list of jerma^warrandies ig 6 upon request. 


24-Hour Order Hotline (415) 582-8097 + The Following Phone Lines Are Avallable From 7AM - 5PM P.S.T.: 
+» Customer Service (415) 592-8121 - Technical Assistance (415) 592-9998 = Credit Department (415) 592-9983 - All Other Inquiries (415) 592-7106 


__ VIDEO ADAPTER 


WO 


| WGA 1 INDER 5127* pm мн 0 memory) | 
High perform mane: ата - 100% regi iste nr-level | 
тр №! НЫ! ку in VGA, ЗА. CGA, МОА and Hercules | 
Dn pina Supe YEAST 300 in 256 colors a nd 1024X763 
in in 18 ¢ colors. Switchiess installation. |nciudes | Муга ott 


Е. 
М Ш pati айй 17 | mpus DESI edo as d 


Pp" al i 
a | ч Mi ERA i^ | | ea DU iame | | VGA WONDER 256™ -(255K video memory, 
; reve IE PAS " Y iL [2x i-i Ё “aa | | 80387-25. S400 | User upgradeable) Same ss VGÀ WONDER 512™ except 
26X0 & ET | | ЄХ 1 Mes $4 * 
| 6 XO. ENS. 385 | | 256 x 4 TONS .... $5.72 LÀ Mnf compatible bus mouse 99 
ааба ü | | 256 X 1 C n Micro of стра iil! es. Ya 
| - ——P aea LA ONS -38.00 | | 


МСА EOGE™ - Enhanced VG graphice caróa 
È umm 400% regis Her соте Hib | yin VG EGA CEA 


1 MG X 85-1205. 
MG X 8-120N5 .. 


ul I - 1008 NS $140 | p E. 


! 3 я К n gi 00 мо, A and На ME Switchless install ation. Апоу vx | 
| 258 BX l: 5-120 "T3 Ex CN TT ANN S $14.00 | M digi lal moni zb to A ИЧ V ppt ont vP-tvhaatabtatual(RLADd herime v J E 
| 256 х1 10005 ......$49 рм» - , 
— дй a 5.949 | V = 
——— [a uw — | np м (va (опре ro wer ер т атс Ё BIOS comps alle 


A CGA 


| 80307 Ма) ша -$599 | E ХБК Din 16 cok Т 3 and 1 09 4X7 68 in 4 cok И аг т, ma 


| [ VGA card denl Ж X550. 
| 1 -150NS 27 „61.38 к= L mn hic № ard dis VGA, 
im. | 4164. 10h us ЕҢ ا‎ aa ae y og &dig yl mont MOors.d 4 
"o т "= Ф "3 ' | | 
й EL 100s P a н Sad pcd i EGA V i ONDER t 00 iF è - Ve eal е EGA | graph ct | 
har mad ж. Ере s абар йы € ‘Any software, А y * Monitor Ay || 
Ja m - Tire: Displays ОБОО, 6400480, VGA modes 11 & 12 
ч Р M o = УТ ез чё ad n nx =? d 2 | | EGA CGA. M D A and kis in di "Нај | mode. «1 EN 
!m walt | ЕЕ TE 750 Ed 2. ccs AEQ | ON 
a ех ` = FAL = = (Mi eo Н тм 
Ну BO (107-2EA ) 4 in serie ET GRAPHICS SOLUTIONT*. ar ffordable com 
== — ` PF ч E m ena | | pure y. de entry -levei card that displaye CGA, Herc u 
e -— 603. ut s and P tronics on TIL, Composite and RGB ETG 
3 E = ж Ps 49 p eevee ee Teeter tt ая геш DAOI TEA Naru rtt tj cg PR pa Ra n С 0 
— — — |a Tm om = | GRAPHICS SOLUTION’ - Same as =e "d 
vs — س‎ | mas: 12. rut rra ere e 2 (CS SOLUTK p3 includ Ing erer porte và p] 
wi | [^ Г. uxt. e n DEBE pon ... Se j^ 
k i & m ; н > Ў 1 | inn. i T ae 
we РЕЧ | ! | МРН "cu eno ira oro MEUS ln === = - س‎ 
| 51258 r3 E | E... ..$330 | 
ps2 р 12797080600 | 


ET изл q -100NS ..: $219 | SIMM SA 


| tax o- sons... $279 


2M d X! he SON. 5 IT LA, L ۳ | 
Y 0608} put | Л \ 

{ ҮТ. Pot. F 
^6 TOA 01) hr 


EI ? MG X 9-80NS „3581 
| (64s 7 9 


| 

| 
v ww 3 | 
(For? 0E61/ 70-121/ all | 

| 


| PRODES 


| ЖУБЫ 


Š me е as Prod x D$ 


Has ¢ б DNDN 


VGA 48 manens (ei 


SN Um gage 


ETE i r " 
| 64x AISONE ] س‎ 


Ki E. m ا‎ DELI "$10 | 


бах 4{100N5) .... 16 


le font 


| тобек 


: ҮП 
s СА RR RD . ودک وو‎ калшы m ч i м1 
F грот 1. 


AJ Ца 
ACS Sa = er з 


муа 


TT СА ОСА rtu, 


| (For теу -121] 


| € 45037 7 | Е 
1 mg = Б 421 سسس‎ 
| 2 bin? 45031 i) £923 ll 


1MB (for Laserjet а tib) .. Es 1, 
2MB ffoi Le тое LE p ms акаа nir mna, 1.8399 | 
| E = ы ito — D) vvn I Ave died dbs kana aax налаза m e А 


ES PR ОР НТ o mamo $18.95 


| IBM PARAL LEL (8) sss. $8.50 ht = 

| TÊM SERIAL 6: EET ss || ш SLOTCLOCK Шии i 
| CENTRONICS е т: NL ROM Socia onae Board | Beton ea Senn $10 
|_CENTRONICS 00). $16.95 || Ow FHS EN Hayes Compatatble —- 


- . — | 1200 Baud inn rel vati E 


TERMS: AND CONDITIONS | 1200 Baud External Fully Hayes Compatable ......... 


| Ti 1 —n— | 2400 Baud interna 12 сал d'wSoftwam d 
| Но Surcharge lor МС / VISA = Terms: МС = VISA < COD + CASH ~ AMEX add 4% | та! 1/2 card «/Softwars EM 


2400 Baud External Рой у Hayes Compsrabie 

Purch зве Ord ets from qui ес froma 20% etal o n non-de тал ve returns 2" xU m фе 
-s 4 BA 
ita 


"Wa 


i -— 00 e å— MM ш س‎ “ se à 
== Sa — mo — — Á——— анн 
— س‎ —— — MÀ = “= ааа - - 
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BOCA RESEARCH 


TOPHAT - A10-bt board Qui vomer 
Hamal memory area of the (EM AT(ar ЧБ гла) 
trom EAR. up ta GAME. at ČPU артыла up to 
10МНа veing 150N@ RAMs. A socked design enables 
purchase with ar without тама гу... $49 


TOFHAT ll > Орлат If nas ДЕ sur oi gri the board 
imains the АШУ to 


which resul in a lower pritiae. Ma 
baelddi кті memory from 512 fo 40K [n a 16- 


bit AT type machine. Operates at CPU 


BOCARAM/XT - A full length expanded 


memory 
board for the ІВМ PC, XT, AT and 8-bit PC-bus compati- | 


ables operating af CPU speeds up lo 12 Miz. Uses 
standard 256K RAM chips and provides up to 2 d 
expanded тет. ......................................... 51 


ВОСАНАМ/АТ - Conventional, expanded and/or sx- 
tended memory for the [BM AT and 16-b8 compatibles. 


memory up to 640K, provide a maximum 2 Meg of LIM 
EMS 4.Darz/or max. 4 Meg о! extended memory $149 


BOCARAM/AT PLUS - Otters conventional. 
expanded and/or extended memory for the IBM AT and 
16-ba compatibles. Operates ina system up to 33M and 


is set up through software, with the configuration elored | 


in EPROM. Uses 120NS 1 Meg yu Available in 
four configurations, OK up to 8 Meg ... „9149 


BOCARAM/AT VO PLUS - Otters conventional, 
expanded and/or axlanded memory aa well as other VO 
capabilities for ATs and compatibles. Provides up to 4 
Mag of memory using 120N5 1Мес RAM chips, 1 parallel 
port and up to 2 serial ports per board. ............ 8189 


BOCARAM 30 - aiuli length expanded memory board 
for ТОМ РЭ models 25,30 and trua 8-01 PC-bus com- 
patibles that utiize 3 1/2" l'l'oppy diskettes. The board uses 
standard 256K RAM chips and gno up to Z of 
expanded memory рат board. _. .. $1 


BOCARAM 50Z-2MG. 0 wall state expanded and/or 
extended memory hoard designed for IBM PS/2 Models 
50, 507, 60 and true compatibles. The zero май design 
uses standard iMG 100MS RAM (DRAM) chips. 
TRAM(Tmnslation RAM) le used 10 map out bad memory 
sections during power-up and to ensure long "$159 


IO/X T - extende the peripheral capabilities of IBM PCa, XTs 
and compatibles. Connects to an 8-bt PC-bue and pro- 
vidis one 25-pin parallel port, опа 9-pin serial роп, an 
optional 25-pin serial port, and a clock/calendar. $50 


IO/AT - Expandt the peripheral capabilites of IBM PCs, 
XTa, ATs, and compatibles by providing a 9- pin serial port 
anda 25-pin parallel port. Optional 25-pin ser lal port also 
aveilable for further expansion, Installation of this 8-bit 
board is eamy—-simply eel the jumpers and instali. $69 


BOCA MCA Parallel Card (or Psn $99 
BOCA MCA Serial Card (or F52) . $169 


2 Yaar Warranty 


AMERICAN 


EXPRESS 


MEMORY EXPANSION BOARDS 


with DK 

Uscs EJ0K Od MIMO TW 
0450003 - РУ ОО Te 

wih 2 Ms крз 10 8 us 

Uges ZMG SIMMS (INC ordy) 
645042012 - Fos AT - Hss £A PAM _. 


UNITEX 


ЗМС Multifunction - tor AT ................... 
Expands to JMG - has SER/PAR PORT 
256K D-RAM 

384 Multi-function Card fer PCXT 
Expande ip 384Khes SEPVPAF/CL KGams port 
Uses 64K D-RAMS 


1497258 - For PS1 N WOO Ми... 
Exponde te 


ADD-ON MODULES 


L WM NE m 


ZUCKER MEMORY BD 


PS2 -2MG MB Upto? MG lor microchannel PS2 end 
ee 258 X 9 SMM .................... $49 


PS2- 2 Масон LAS ааваа 
Port- Software. Uses 256 X à SIMM $89 


D-RAM TESTERS 


UNI-001 RT. Pere X DAIR ADR THEA тте AREE PAR P тач $119 
Tesis ай! parameters but apeed 
64X1/ 2561 /1MX 1 
BAX 4 / 2564 (AMX 1 


UNFO92 ВТ... $149.95 
Tests paad plus parameters 
84X 1 / SEXT / 1G X 1 


UNFOOS ВТ... $199.95 
Toute standard ЯММ Modules 
1 Year Warranty 


Unitex, Inc 


Corporate Headquarters 
2852 F Walnut - Tustin, CA 92680 


Phone: 714/730-5232 • FAX#: 714/838-8593 


EL 
VISA 
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ORCHID 


RAMQUEST BZ -ipis PURE of 0 wall Мил memory lor 


da Mer молю 20, CG OU * Cua aie LO 4,0 
ent ПЕЛ Ga most be © ERE de REVERE LLL UES 


HAMQUEST EXTRA Гм ойм mudtuncion card 


that provides up fo A and hun шага! parie na arne 


bor the lOM РО Modele 60, 60 and 80. - Gueranised EMS 


a dand 05/2 Compatible. * Easy to install wilh o 
strokes. Uses 2565 ndior IMB SIMMS. ........... 


RAMQUEST EXTRA 16/32 -The ому 0-8M8, 
O wall stete card for PS/2 Models 50, 507, 60, 70 and 89 
which (uly supports both 16-bit and 32-bit memory ас- 
cess. Includes one serial and опе parallel port plus a Ire 


4 key 
319 


serial cable Guaranteed EMS 4 Dane 05/2 compatible Easy | | 
es installation. Uses 256 ee ese 


443424 Ht a س‎ A t i ld т.444 GR COnneosnaneonianerer алада 


RAMQUEST XT/AT -A full size, 0-8 MB, zero жай | | 


state card for IBM PC, XT, AT, PS/2 25, 30 and comptt- 
abies. Uses 256K and/or 1MB SIMM'S. М6 Айтикан 
supporis either & or 16-bit bus... mw y- 


RAMQUEST XT/AT with l/O- Sams as above 
plut 1-serial and 1-paralíel port ... $319 


ACCELERATORS 


TINY TURBO 286 Lowton High-speed Най -siol 
PC/XT -Accelerates your PC/XT with an 8 MHz 50286 
Mécra-processor. 80287 math chip socket ....... $239 


TINY TURBO ХТ га High-speed Hal-elct accelera- 
tor tor PC/XT- Accelerutes your PXT up to 4,5X faster 
with a 12 MHz 80286 microprocessor. 80287 "$2 ch 
sockel 


aO Arae aa M pm 6-4 4 a A Di t eee IP LP ee a rm 


JET 386-Hyperspesd Accelerator Card for АТв- Acceter- 
gina your AT up to 3 faatr withy ә 15 МН: 80306 Socket 
for math chip ... .. $3895 

2 Year Waranty 


EVEREX 


RAM 3000 DELUXE -upto 3 МВ. Selectable 
memory sddregses Ex Memory Specifications 
(ЕМ5}4.0/05/2. Can ba usedio backiil base memory upto 
SAK and the rest 4$ poti ium aA: er Extended ог both. 
Uses 256% D-RAM .. ... $99.00 


RAM 8000-Up to SMB capacity/supporte bese, ax- 


tended or expanded memory in any combination. de] 


RAM jedtoxt to 10 MB capecity/supports base, ex: 
tended or expanded memory in any comnbinaticn. Cam- 
разове withLotus/ nisl Microsoft EMS 40. Operates with 
no additional walt etates Uess 1 MG D-RAM (DIPS 179 


MINI-MAGIC - (Ev138)-Up to 576K . For PC-AT, Usea 
25EK а 64K $59 


“IBM is the registered trademark of 
Intemational Business Machine Corp. 


Mon-Fri 7am - 5pm 
Sat 8am - 2pm 


4025 S. Industrial Blvd. - Las Vegas, NV 
Phone: 702/732-8689 


` Customer Service #: 714/730-9527 
TOLL FREE OUTSIDE CA: 1/800/533-0055 
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UNICORN-YOUR I.C. SOURCE 
COLLIMATOR PEN 


A IHW [HIWEI culina- 
а: tor реп containing à 
MOVPC grown gain 
guidad GAAIAS jaser 
Thig collimator pon de 
livers а maximum GW 
ОШ power ar ? 5 qw 
at 259 

Thoo uullimated lasor 
SOUICES dte designed Toi 
глиста ароисайапс 
euch ae dala rotriaval, 


THE DXFHandler. 


by IMAGENET 


The glabal converter for Аша AU 10 
DXF files ; 


ТҮ 
= DEH; ши ШИТ. | 
“|| pna 
N OTHERS 


LLLALMAIE TIRE GURE OF RAZMETABKEMGSSHOR 
CHOC VFT PM APE TING АЛТ AD RELEASE !6 


ПЕ ПАРНИК WES сте KO гезне ПК LDCONTIDRETOLIR 
of 3-D AuoCaAD Release Ю ОХЕ fies wilh prior versions 
of AutoCAD and other CAD packages thet accep’ duy пеш) 
Gaia Unsdadion file (DFX) krom. 
Мант AmeCAD a b IAA alia of dete бас. 
ا ی‎ e Deas аге narrat ا‎ uf 
Compre Pees 


$ 79.95 


lelemetry, alignment etc. 

The non-hermetic stainless steel encapsulation 
of the pen 15 specifically designed lor easy 
alignmen! іл an optical read or write system, and 
consists of a lens and a laser device, The lens 
system collimales ihe diverging laser light. The 
wavelrant quality is diffraction limited. 

The housing is Circular and precision manutac- 
tured with a diameter of 11.0 mm and an accuracy 
between + and - 17m. 


LIST PRICE-$480-00 PRICE $39.99 
Quality Components — Low Prices Since 1983 


LASER DIODE 


Designed for general 
industrial low power ap- 
plications such as read- 
Ing optical discs, aplical 
memores, bar coda 
scanners, security Sys- 
tems, alignment etc. 

The gain guided laser 

is constructed on a п- 
| | | type gallium arsenide 
substrate with a Metal 

Organic Vapor Phase Epitaxial process (MOVPE). 

The device is mounted in an hermelic 5071480 
(diameter 9.0 mm) encapsulation | 

The 581053 is standard equipped with a monilor 
diode, isolated from the case and optically coupled 
to the rear emilting facet of the laser. This fast 
responding monitor diode can be used a5 a sensor 
to control the laser optical output level. 


LISE.RpIOE-838.00 Price $9.99 
We Carry A Full Lins of Components 
CALL FOR FREE CATALOG 
EPROMS 


STOCK A FINS DESCRIPTION 
nue 74 26x ¢ Ins am 4x 410 


97110145, (NL, ы 
200 Brevard Avenue Cocoa, Flonda 32922 
(407) 632-4333 Fax (407) 632-7532 


Clrele 141 on Reader Service Card 
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SuperSound 


"UO ы Pike чыту ee МИТ 4 
m : = -— -Fa 


Best Digital Audio Software/llardware 
SuperSoupd - Stereo Version $339 - Моро $239 
30 Day Money-Back Guarantee if not Satísfied 
& WAD Sense C7 - Frbendiy (11; Graphical Eater l'or Fast Easy Record, 
Ру and Speci Efforts (Uus Мичу mr Bar) beard) nad ch Зов Сач" 
e Tull Fidelity - Aju tabi блефа Шат | Racnruvag Frew < V1.3] АЛ! Dian 


а Far Reinet runing, Pitti -cl баас Stra - Gerla mo Gap, dumis. cuc 
а Farkngarering Та Futctaen Catena. Make Ciri Hag Alpin ete 
њ For Fem Crests per Oen Мас. Бе Boca Sound. First Magn _ 


Silicon Shack 


5120 Campbell Ave. #112, San Jose, CA 95130 
PH:(408) 446 - 4521 VISA - MasterCard 
"ышыне, EBA I SERU, vd Лале} тышчу EEE uf Ubi 


Bagh, Lt 
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271041 "EF r û Tins (05У) 


TERNIS 24 JR FSS 

CB ^ ыба § drs (CMS, 
e "d ШЕ, BT (251 
APL 24 GE ES Gy 

21324 94 9652525065 [21и 


4 аб» G eSis (Ie) 


ta) ke Eb un 

за 559 54 
ыл 
5 
E 


т 


© 
a i 
s 


ON TARGET ASSOCIATES 


Products and Services 


Gal Hm LIUC Mu datur d. 
Rass) uns ui 
с 
кз 
R 


2H2A4 
THESIS 55) 4% к Р 5 
tM » ae kaon ey EIOS) 45b 410 for Design and Manufacturing Enginecrs. 
5 20 ORIG a Are TY) im 3a 
nM PE 8192 sgons (27%) 359 341 307 
TMA 208 319. Bum 125и iB 3/9 34 
FTE 19 AIF aA nS | 2 Se تول‎ 34 39 
TM$25b4 fü I a DAs (25v БМ ot ta 
280) 328 Hrd AOS 21v бз 64) 5B 
7128 79 EIR x BPMs iZlv Ага 551 3595 
LIN 24 71384 x Û 25те [216-605] 578 550 495 
пае а I Be it 
m 2 (12 Бу) 

FT MO 31/8152xw5(122e-0M0$, 598 588 512 Adapter Bracket Sets 
2751220 28 01536 8 20005 (12 5v) 1049 997 89 Burn-in Mother Boards 
214432 — 1$ 6553€ «B25)n3 !25e $4) 702 EW 
{51 Ж SB A AG E ent "n i2 3n 

T "sx 5 PE ' P. Ф = = + F 
| Б мы: ux dm ^h We will move your PC/XT/AT products to the 
" и reum CN el Micro Channel, or create your new design. 


CALL: (408) 980-7118 
for our Free catalog 


UNICORN ELECTRONICS 


кезк 10010 Canoga Ave., Unit BB __ 
СЕЈ Chatsworth, СА 91311 = 
DADER BY PHONE (TOLL FREE) 


(800) 824-3432 (OUTSIDE CALIFORNIA) 
IN CALIFORNIA (818) 341-8833 
ORDER BY FAX (818) 998-7975 
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АСЕТ 
ON TARGET 
TARGET 


he PS leaders. 
PS aod Micro Channel arc cedemerks of [BM Cor, 


NTF FILES INTO YOUR PRESENT CAD SOFTWARE 


Advertise your 
computer products 
through 


BYTE BITS 
(2" x 3" ads) 


Î For more information 
| call Mark Stone at 
603-924-6830 


BYTE 


One Phoenix Mill Lane 
Peterborough, NH 03458 
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GANG PROGRAMMER Does | 
50,000 EPROMs A WEEK! 


| The only programmer under $1000.00 that 
withstands heavy duty operation. Easy to use. 
Fastest possible programming speed.” 

| GANGPRO-8^ is а sure bel when reliability is 
what you want. All this plus a one year warranty 
| and update for onty $995.00! 


| LOGICAL ncn im 
томе, FL 
DEVICES, Inc. (305) 491-7404 


1-800-331-7766 


Circle 163 on Reader Service Card 
(DEALERS: 164) 


Data Acquisition Interfaces 
for IBM PC/XT/AT & P5/2 


CATALOG 


» PC Based Instruments 

« Motion Contral 

» Frame Grabber Boards 

e Industrial Data Acquisition 
* Communications Interfaces 
» Software Packages 


440 Myles Stand'sh Blya.. Taunton МА 02/80 
(508) BOF 300DTLX 503989 FAX, (508) 880 Qf? V 
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* High Quality * No-Risk Guarantee *Low Price *Expert Service xFast Delivery 


We've Built Our Reputation on These Factors for 10 Very Successful Years. 
CL 399 386 9 8 CLONE 286 CLONE VALUE CHART 


s so MONOCHROME | EGA COLOR 
PU, 32M 
ФИЛОН | тз | seo E 
IN CPU 
т» | мә | ән | әз | 


MHz, 1ME AAM, baus вувмт , , * 784 ime ام بسا س‎ 101-8 ^ mas 


(| PME. YMB QAM, hese nyalom oo 989 
i La س‎ ЧАЧЫ CLONE 386 MONOCHROME | EGA COLOR | VGA COLOR 


ZUM. 32040 HARD 9 9 ТМ UC WAIT 
RAM. AND 147 MONOCHROME MONITOR 
2MHr. IMB RAM, oase reem =... * 1499 
20МНІ. IME RAM, SEK cache, base system, 1786 


TEM, 114g GAM, 32K estha, basa aystem 2094 || 
эзыну, зыр АЫ, pa д aystem . , 2720 


1279 = 


TEMEL, EMS HARD DPUYÉ, 1 Ый О WAIT 
RAM, AMD 12° MOWOCHROME MONITOR 


MEDOC 21 or ADi and Өзб» TE v PPF Елга. 
Hr CAU 124A 
"CWIASIC £79 or 9 Ext CLONE 28€ CTANDARD FEATURES deus SEAGATE MD | sw | | sees | ws | 


Ф ТМА Fas Q Wied Sere AAM 

e High Poriormance 17 Intereger #00 
Khisac 2 Floppy/2 Hard Сира {слет 

17145 257 01 444863 57 Fiber Drive 
он Cheer) 

Ф 101 Key Enhanced Kagboasd 


CLONE HE STANDARD FEATURE: 
ж Genuine ETE - 20/2533 CPUs 
ЖТЫН Fart Wad State ЙАМ (32K Carte on tme 
520 ne chan 
i^ Pariormance 1 1 uortopee HOD Клас 


* 012465257 067 44M 357 Floppy Driss 


10м CP) 12K CACHE 

TMB, 4005 SEAGATE H 

an ams aena ma | тәм | c. | мп | 
JIME 4005 BEAD ATE HO 

Ишт ше | мм | аш 


(your сенсе} + 1 Pyrallg 1 Sern! 1 foysucs Pow 

* 101 "Сақи -Т асі" Keybonrg 4 qUO War) Pirow Suppty 

acces Ег 1 2 си Port 4 ВОЛАТ Mah Сар серое BOCA OFTIONS FOR CLONE 258/386 COMPUTERS: 

© SOA Wait Coproceasnr [En csp) Gaur a Cr-board ClockCal м гү thug Add $27 jor 32M B, 2849 Seagate НО. Aód 1495 lor 122MB, 28M5 Seagate HD. 
20M etri a B Expansion Soy Add $42 lor LAMB. 00S Beegeie HD, Аш © to VGA prios für 

© On-nosre Clock/CR! w/Banery Backup a Gaup Phy in POM Add $48 ior ASME, Z8MS Seagate НО. TE bit YOA card. 

+ B Expense а Sytiom Aaa Fanien on Frans Pare Add 91406 for 83MB, 4049 беери HO Add Еф to УСА price Jos T4" Matt 

т Setup ТУРУ in НОМ = CHU Speed Swichsbie Add $173 for 45M B, TOME Seagate HÛ. frequency Monto. 

SLI EMS 20 Driver —— в Fury Eapencaps by 4/6448 Add $201 for SMB, ТЕМЕ Saagate HD 8 Add $125 lor 6 drive lower case 

» CPU Switchabue a FUL Сапед 

e CPU Speed Switchabie = o n) Coole OPTIONAL EQUIPMENT FOR CLONE COMPUTERS 

$ FCC Carolin & Ono Year Parta А Labor Wgrrandy Stas NX- 1000 Printar, 1927/63 cos, LO. 24 pin... 1345 

w Novel and 05/2 Competitie ә (ompiele Бурге Реса michi T44/3ecps, NLO- .. $17% Panasonic KX-P1181 Printer, 

* Ore Year Paris & Labor Warrenty PC Werle + Modem Eae cak. Stor NX- 1000 Rainbow Printu, 240/48 cpa, MLO .... zit 

в Compe Software Pack Incinéing Auken HomgBgxe Morphina samo 235 3bove w/color ..,. ,, 2368 Sar XB-2410 Printer 2480 cpa. 
РЕ. Үйгө - О Мрт - Блин Funda + Нага тай < Cih Stw NX-2400 Printer super LO, 24 рам, 16 toni... 489 
Ашлы - Home Gage wy Mente! Clone 386 20MHz monochrome system piclursd. kn aia Oran Cache ы 170/57 cps. LO Мрп . . 339 лаг X8-2415 Printer (same as 
Finger Harg Od Cache - жам Star Xfi- 1000 Printer, 300/78 cgs. above with wre carriage, ,,.. 9 
Utilities NLG, Ө боба... e- +, 3800 1200/300 baud int modem., Ж 

SATISFACTION GUARANTEED! SERVICE AFTER THE SALE! FAST DELIVERY! 

You get а rock-solid one yaar guarantee ör Your Слой équipmunt will be profmplhy and Clone Computers аге cusiom-manutaciured TURBO CLONE 

paru and labor, plus а X0 day money-back expertly serviced by Qu! specially trained, to Inher buyers specdicanons, Durnid-in i 5 699 — 

Байас! Assurance guarantee (except knowledgeable technica who knw whal and shipped wuhin one wek of Their order. 

on softwares and shipping thay sra doing In meos! instances Sterdard Purti : pn a" - od 


э Cock олат 


а Fly nc 


HO ORPHANED CUSTOMERS Buy with Confidence! Dur Guarantee Removes 
Wo have been supplying our customers with Карп quality All те Aish from Your Buying Declalon 
hardware and soltware since 1980, We enjoy an excelleni The Clone a is sumple and ranger rad 
industry-wide reputation built on providing top quality de =н ч DE tert gy pain 
merchandise, a no-risk guarantee, low price. expert satistied wi" your Clone for ahy reason ethan thai 
Sérvice and fast delivery Our customers expec! and life, you fiy мее d for a ful refund. Hass shipping 


receive nc legs £hargems 


igre or amber) 
e 2 Paene prt! pita 
© (Seca рал ized 


This is the fastest floppy 
interface tape drive around! 


60MB TAPE DRIVES 


en 9270 


External model now available for only $88 axirat 


Eray 
natal |— 


SOFTWARE SALE! 


LOWEST PRICES — ҒАЗТ DELIYTERY 
Thin list in omiy a xz unl portion o¢ our limeninry! 
Call us ior ва ot nr астмага тиа! 


EOS SOFTILAE Gatun Coty «(med Iwo Cope А 
Maa Copy н н 


ER ب‎ 


earn e 11-7-3 Crore: M Capp M P pon can — ш Works on PC, хт, ATs and 100% lions and the data compression soft 
Li d m M 
Богато Roller 20 lg DE Damm ai 2 compatibles. Connects to the mter- — ware that allows up to 100MB dala UNINTER RUPTABLE 
DAC Eeay Accntg ії малып р 2 Macrosoft Macro Амраг * T nat floppy (B:) connector or the storage on а 40M@ tape — 150MB on "n SUPPLY 
Tae C اا‎ ZZ optional adapter card ($77) Comes — а GOMB tape. Easy to install. Order 
accounlag pay'o? eon nas] 120 Mocrosoft Windows 2h... .- ar complete with inmalmion insiruc- поте а! (his low price and save = aime Model 
DAC Fusy Lage ые”. LE Microsoft wows ЗАВ 18 Ab Low 20 in 
Basa ги : are Horton Comrmibndue $3 
Det: jı CAD ae FEE Morton аф а 5 Advences Ей! ш 
ol n : „ЭЕ = аб р m. Limited Time Only! Fantastic Prices Now On oum Mp MER 
Deby ire wih CUM 386 114 e" il 120 Volt 
Feonenteei 55 F Томче р! n b. жыш COST HARD DRIVES 
Рейге i OTHER 3-008 P 120 Val 
Stitt sat Behance a rt! ndy 900 wan | го уоп | 
emu и peek s dr e اکا‎ THER 
: н a EEEE vor 
Loup Agence  . A5 Falcon AT m^ x mr 34 49 a HF fio $939 200 Wan 
Lotus Symphony ‚к=! EE. Кана Quasi HI U UF) oe EVÎ PII Pl NT ЖН WEM KT из 
. ын Pus sos [луу 11728 - 
гапе 36 БЕТ Beason : 
Munchies Compt iia _' 14 ОН MTM ә s a i See $ 259 he TEEN * 5369 Protects Аата! Features 
"pq богот Buia . . ” Where ır EA a ir Drago? 27 Que è Brownpuls * Two Audire Akard 
p? Pial Pubis 111. 39. BOOKE 5 Б & 6 5 е Cluckouts e LEO Drspiays 
ph Profess ong! Wie. .,..-,. 144 Take айттыр of eur volume свела 31 9 4 9 579 539 2 Chono * Optional Neterork Port 
Pare aries feau » mak gary m bendy Dip eny 3 books ad а 1ыв PTT ba ын 122 тый v Cheeripadg т Tran$hes Times Ag Ер! 
Рыва iae ne m arts дел editions $3 giy qum Boy 4 ew Фаны ET. tora. ЕТ ТРА dome $T dn Fane 97-IRAM dorm BT 144m в SPS urea Ag) Milltecond (De- 
UA 9198 дарси bà. Buy B ond dodeci Fh, etc РАЗ. Garr LL XT Wu MTM ёл» леш ка PLL hara = s ( 
Drachen 24 - . лр 1 22. Space Edain ив Pene Genma Hew gina | Eni panas on Model 
Right se + анша ie Pro Panett 1? 
Wicordprertect $ 0 м2 MATE We monde ihe bes kie Corl gh quaity. Fast Отада "d pars Ime luct CFI Crepes sett m —— خد ھا س کک ا‎ MN 
Mora Оше ага Reese SS HF MS хан ә z " ACCES сү drives tor pos A а s син к. ! hA. سیب‎ — ка Асі 
Б LANOUAOEIUTAITIES - onu ubia or fandy computer Our ЖТ and І * Not liit (pci y tho com. 
Ашкан Enhanced, , im nem ا‎ 2 [its аге compbete with arme, cóntralies, tiba puter brand end model when orders ST $06 Save on Low Cast Floppys! 
Sons lure Bac , (Om Using Managing ind nw. 15 and matallatoe unstrichóons Wa yte oniy brang Ф and & 144 are Pol sire +” T 5a Select the dima or drives pou ware, peck ihe clog and 
Boland Purbo G. ¢ eno sO 14 raw genuina Seagate driyes ao you Can be = J^" All сіғыргр are yr iid, te i mei кат SpOropenle сабр иг] wg wk! дат and ras d: AD 
Bonang Turba NM ria t ateured of jong їла (еам deve lite Daia are ailer — One year part and labo addriond cox 1п уси Alf «ить ie beard new. eot (ENY 
w Turbo Aamir’ Debuggor . агае rated жа Fast as BOOK R per secong MFM, warrenty Savetaction guaranteed or your mon e М үис = 
SOOKE FLL and 1MB uting SCSI. We provide ey back, less арор y et пе dr b йш mbar warrandy 
| { 1 
- j = Y ' OK 5 257 TEAC 55H baro TL ' ин 
| oe) = | RC БЕЛЕЕ گے‎ 720K 525 TEAG SSF bave - EM ~--- B5 
| ЕЕ | 3 тра 5 257 TEAG FGH parê 6, on т 
EEN | s a TeleCheck | h Save оп 32MB & 49MB Hard Cards | 2035 TEAC зь К 


Бласа (acepte) 


еру ORDER TOLL FREE! «re werk =*=$329 4129 = ssim 


Mon.-Fri, 9-7; Sat, 10-3 тте азыт 
Gall trom anywhere in Ihe lower 48 states and Натай. lacs D m] othr б тит Dua 3 57 Gaerne! CEY pirat dupply. UTC wii рас аг 
y 10 Install For IBM XT's. 100% Patt Sel" атой (Grut oni o 0 пау 
Fpl compatibles and Tandy 7000/1000А 5L, SX TL, TX, Dual 6 25" тана PRS aga чта . a 
= "m em AD U4 пае Please specify Ше ехасі make and model «і your HM merr Мороу cable Ми C/D DI? iamen. . .. M 
na compular One year parts and labor warranty. ДАА $10 igr brugheg Hanleag Steel cower} 
QUE TO THE EXTENDED LIFE OF THIS EDITION OF BTYE, PRICES * ч 
SHOWN ARE SUBJECT TO CHANGE (THEY RE PROBABLY LOWER). Circle 46 on Reader Service Cand — 
1 FOES SERVING CLONE COMPUTERS e 2544 W. Commerce St. e Box 223857 
YOU Dallas, "Texas 75222-3957 è Telex: 862761 о Fes 214-834-8303 


SINCE 
1980 


TO ORDER CALL({#¥ 1 (800) 531-5369 


PARALLEL ONC CONNECTORS 
PRINTER GABLES Molo Solder Type 
0874 to Centronics E 


MODULAR 
ADAPTER KITS 


CmiuHele Battery 
BackUp 3ysicum 


6844 tn, MEA 
$0299 tor АС ED, 62 
Эро hw 0-99, бр ohp 2.10 


Male Crimp Type-3 Ре. 


is 


$1.97 
ч 471 


lunt айту 1900 (КИТ HO а ouuo еса 
in ether АЈ-11 or 83-55. 

MAITM-6 9 mab w RJ11 $240 
MAO9F-b 9 female fo R]-11 2.40 
MAITSM-6 15 male іс RJ-11 2.80 
MAISF-6 15 famae to Rü-11 7.80 
MAZ5M-6 25 таја in А11 2.40 


DB-25 25 Line 


MAZSE-6 25 female to А11 240 и _ т 
MAOF-8 9 іетаје (0 8-45 — 2.90 . isi" wn di 24 | 
MAISMS 15 maze iu RJ45 3.20 7. : : ÉD 
MAISE-S 15 female Ic 45 3.20 Pu $180 for RG-50, 82 1.00 | BC-200 2X) watt $208.00 
MAZSM-9 25 malet RJ45 2.80 "ә 9183 for teflon-plenum cable 1.18 | вс.325 325 watt 258.00 
. le Crono Type-2 Pc. | caso 450 wat 33800 
25 female to AJ-45 zu 4 Ma imp Typ М BC-754 750 watt 498.00 
» BC-1200 —— 1200 watt 725.00 


DE-9 9 те 
4503-2 2 Way $19.95 
ABQS- 54 Way 29.95 


BC-1200LAM 1200 wati 750.00 
ас-2000 2000 watt 1,190.08 
6C-4008 ADU. watt 2,495.00 


All 25 ling wired stralght through. 


BNC Coaxial Male to Male 
anal? Р 2 TRIPPLITE 
: à Line Stabllizer/Conditioners 
Майнаг RJ-11 & 45 |25005 ot hec | ' 
— У зы $16.95 25ММ-75 25 TL 17.95 8099 for AG-59, 5? tenor 1.36 
ay 26.95 | 
These bans come wt Rui: jack A | ABRJAS-Z 2 Way 10.88 bere trl mi aoa fone Crime Type-2 Pe 
— =н mms: учи = Male to Female 8003 to RG-59, 62 1.46 
BLOT ВКС 0 Алт 85] 57.50 Twin-Axial ISE- 6^ $6.95 |9015 for RG-59, 62 tétion 145 
OLOS Тәлпах lû RUJ-T1 & 3.1 15.00 | ABTWIX-2 2 Woy $31.95 | см тр 10 N 7385 Male Twi st On Type 
SLOT — BNO-TNC Wang balun 29.45 | ABTWX-A 4 Way 38.95 | 15 M" 11.95 à; 
! 25M5-20 20 fi. 
MODULAR PLUGS MODULAR эш 4 
= Wall Plates 50 А 


CENTRONICS 
36 PIN CABLES 


3651 for RG-58 
$050 for AG-92. 62 
$094 for В5-59 62 tehon 


Female Twist On Type 
8033 for AG-58 $2.18 


MP-AM 4 pin handset glug 4x4 
MP4 | 4 pm RJ-11 pug 4х6 .15 
MP.& 5 pin RJ-12 plug 6х6 А], 
MP- $ pir RJ-45 plug 8х6 at 


Surface Mount Jacks 


MODULAR Male ta Male 15-500 ни ve 5amp 577.00 
36MM-6 6 fl. $7.95 и 
CRIMPING TOGLS p 36MM-10 101. 9.95 tC-1290 Ls Mit. d лед 139.00 
36MM-15 15" 12.95 1 
SHE — & conductor $1.46 | мм ?D IL 14,95 12-100 1800 Wan, 15 Amp, 188.00 
54-8 8 conductor 2 ЗВММ.75 25 fl 17.95 3 Circuits, 6 Outlets 


Cord Couplers Male to Female — COAX 
CC-&C — 5 conductor $. 8140 2 !emale 1 mala $2.73 f 
CC-BC 8 conductor 1 8141 all female 2.73 Crimping Tools 


8142 all male 5.08 | 
Terminators 


Patch Panels 


HT-301A 58, 59, 62-3pc 529.95 
HT-3018 174, 58, 6 - 3€. 78.95 
CT-M858  ?S&3pc. 58 4 59, 29.95 


B2 їп 
CT-M859 28300, RG-59, 02 23.99 


Stripping Tool 


TWINAXIAL 
CONNECTORS 


Harmonicas 
Modular packs tp 50 pin mala weko con- 
nector 

4W-12P 4 wire 12 port 316 
SW-SF 5 wire 8 port 16 


MCT-U4M МР-4М handset $12.95 
MGT-06 — MP-4 & MPG 12.35 | au.6P — 8 wire 6 port 16 


TA MPA 12.85 | 
= Octopus Cables 
MODULAR WIRE | 50 pin female telco connector to modular 
pugs 
ми. 4 conductor — 540/1000 ft. 


AW.12L 4 wre 12 fag, Git мі 
| MW-65 6 conductor 65/1000 It. 


SWOL 6 wre 8 leg Rit Ag 
-G 3 conduct 92/1000 ft. | ВШ S wire 6 keg, Gh 35 


male 
98081 kmat spice 4.90 
85883 chassis mount feed iru 9.82 
$085 T-connector ай female 7131 
8086 100 ohm ierminator 7.41 


MATO chassis mount leed thu 2.73 
846% bulkhead receppeal рт 
8150 rig angle 3.27 


Fax: 1-512-344-2985 TERMS 


KE) Altex Electronics, Ine. Z= 


cST-7735 seps 58, 59, 6&2. 519.95 
ghaul cables 


Call for Volume Discounts 1-800-531-5369 ! = sco with эней 
* et simt 1v 


Mail Order Dept., 300 Breesport, San Antonio, TX 78216 - (512) 349-8795; FAX: 1-512-344-2985 
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INVENTORY MARKETING 
CONSULTANTS, INC. 
PO Вох 91659, 1 ang Beach, CA 90809-1659 


ІМС OFFERS: 
Full Sion IAM Compatible Меса Camutara! included 
lull menory eemplamenm. hard drives, (ono manor 
and enhanced keyboard End Morel 
WF Tertun 


spegne 


o. 0. . 81200 
Ms. $1309 
aan aaor 1o -DIA 

A NSS |‏ ونت و ت 

LOCUS TEL (САЗ à 
Wien iu Tit Randag 


Df! Above Duard iD LL o oo on non ie gen 
UPI ADU Ouuu wz tharinae spren to ae 


NM MODULES 
Ida ie IDM... 148 2760 d ам 430 


MOA 
IMQx$ (00) (OM... 6152 Eben (80) ..... $69 
C-RAM 
1MGx1 2. , 5812.75 
!MGx! 0) ,. 51300 
IMGxt (BD), ,. 
1 


Also Avaliable: 2 Sl odu 
Meet or Bost Eve '& Price - Cali for Pricing. 
Lowest Prices in Town. Fully н 
Toll Free Outalde Ca: 1-800-747-1MEG + Ask 
(213) 488-0958 * FAX (213) 494-4247 
т-а & VI CEPTED 


Circle [43 on Reader Service Card 


THE GENERAL STORE 
RETAIL OPERATIONS SYSTEM 


The premier sysier for retail pae management 
Suppers cash drawers, barcode readers, recelpi 
printers, customer dleplays, апа! scales ano 
campiete online credi card authanzation, Contro 
all types of retall Motes Бош hardaoods and apparel 
with complete size/ecior matrix management and 
reporting. FAM tà install and use. Fieid proven for 
speed and rellabiity. Provides all the features 
needed to: today's retal! merchant af в price lar 


below comparable systems. Demo system available. f 


Accounts Receivable 


Point of Sale | 
Inventory Control | 


П 


mee Accounts Payable 
"EMEN General Ledger 


ke 
LE 
fon 
uy 


2% 
e 


$9 95 Camplaete em 


Dealer ingulies invited. 


Crichlow Data Sciences, Inc. 
(804) - 471—0500 
P.O. Bor 6420 ~ Virginia Beach, VA 23456 


Circle 75 on Reader Service Card 


(Рот data with ај 


9-track mind. 


Foti d lar mec di all 
Une cepa pes (roche werd 
al spckc she same 


Language" 


Sorry folks, shave pret nes | 


rhe way Шыл arc an the 


Hal eodd, ко тма roma MU 


up wih à тыме mpi 
Sided approach You 
gc үз your ks БЛП uh 
where t ame from ond 
whee рош пага d ic go 
иі welll yt ТРЕ 

‘We gre very шет} 4nd 
peak талу languages, so 
lor youromn peace oi mani 
tàk ux Ку and RI ouk 
wet £x al your daas 
enne pean hrada ты! 


DataCory 


SERVICE OF TEXAS 


Palle. TY ё TE 
NIT TIEL SSH 472 Т? 


Circle 76 an Reader Sermece Card 


1 JOM , F140 228640 (100) A. ФАБ | 


И, 
| SALE "jo, “He | 
س‎ Mailing List 


Mulliuser' Network Ready. 


PORTABLE BACK-UP OVER AS-232 
32 Megs - "Plug and Run" 
With MS-DOS Drivar 


Эм” 


a MULTIPLE UC BACK UP WtTP SINGLE РАЗІ 
TAPE SYSTEM 

= NO SPECIAL “ADM IN" PC CARDS NEEDED 

e NO SPECIAL "BACK UP” SOFTWARE NEEDED 

e RS232 INTERFACE 

e PRICE 15 $1295 IN SINGLE QUANTITIES. 

e OPTIONAL 488 B BIT PARALLEL. 485, 422, 
INTERFACES AVAILABLE FOR USE (N DATA 
LOGGING APPLICATIONS 

28 other syghems with atorage trom 1000 10 42 megeisyries 


Turn your old XT/AT 
into a 


ARPSPEED/386 
3865A MatherBuard 


* Intel 16 MHz 80386 SX CPU 

* Socket for Intel 80387 SX Ceprocessor 

e Shadow RAM Support 

“8 Ex on Shots 6-16 Биз, 2-8 bio 

* V/Q Speed al В MHz to use existing tarda 
* [nieriezve w^ Mb КАМ 

è Fully AT Compatible 


386/20 ЛК ........$ 595.00 

386/25 w/OR ... ....$ 975.00 

386/25 Cache .......$1495.00 
Paene Sant Computing 


1(800) 627-6998 


Circle 132 on Reader Service Cond 


SKI & LEARN FRENCH! 


Full-time & Purt-time work all mer Europe 
from u Swiss Alps base while you fine-tune 
hardware installations and train operators? 
Join a young, dynamic team with one foot in the 
LE and the other in Switzerland this season, 
Train. learn and progress in птаау busmess 
skills, sports and cultural areas 


e PC Hardware Application & LAN 
Support Engineers 
* FW III, Dbase IV, Ventura 
&/or Pagemaker - 
Software support specialists 
* Desk Top Publishing, 
Graphic Designer/Artists 


Applications ste reque«ed for exceptional and 
ambitiaus people, Пехіёе about working hour 
| and the balance between compensation and the 
quality of life, 

For more Information, first Fax (021 26 10 42) 
or mail vour bref typed CV with full phone 
| contact details, passport style photo if possible. 
and handwniten cover letter Do 

THORBURN & ASSOCIATES 

POR 1225, HHMI LAUSANNE, SWITZERLAND 


Cirele 248 an Header Service Card 


Circle RE on Reader Korina Tard 


rre 


paganan 


datam 


Ribbons & Supplies 


DISCOUNTS ON ALL ITEMS 
SOME ITEMS AS MUCH AS.. 


О? 
OFF 


Call Toll Free 


®HP LaserJet 2 & 2D 
sCANON 2 
«HP LaserJet Pius & 500+ 


sCANON LPB 
«APPLE LaserWriter 


Ricoh Toner Kit 80 “CALL” 
Ricoh OPC 80,81150 139% 


Qume Toner 


| UNISYS 37 


Diskett 


Delaware 1:800-451-1849 


РО BOX 10247, WILMINGTON, DE 19850 


Oklahoma 1900-654-4058 


РО. BOX 1674, BETHANY, OK. 73008 


Nevada 1:800- 621.6221 


PO BOX 12396. LAS VEGAS. NY 89112 


„т^ Ü i ЕРТ ee 
H T А. Г ЙТ К; ris 


=) Stupping UPS add 5100 per 100 for Sian 5 = 
re add 5400 per 100 lor 8 US Mai delivery 2200] 
| 9% “Prices subject Io change wilhout Notice 


: шш 
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E/EPROM & MICRO 
PROGRAMMER 


$895 


WEPI4O includes; sofware, cable, user's 
manual, 2 free software vpdole coupons, 
lo ree lechnical эра, one-year warren 
у & a unconditiona 

varantee 


B Supports B74X & 675% series 
microcantrallers 

В Connects to o slandard parallel ро 

E 32-pin model, EPI32, available E $695 


The Engineer's Programmer ™ 


CALL TODAY 800-225-2102 


0681 Haddington, #190, Houston, TX 77043 
713/461.9420 FAX 713/461-7413 


Circié 41 on Reader Service Card 


The ideal Keyboard cover! 
Protect your computer and eliminate down 
time caused by liquid spills, contaminants, 
environmental nazards, etc. with VIZIFLEX 
SEELS - the only keyboard cover that: 

* Remains se Mone in-place during the 
operation of the keyboard and will not 
interfere with c computer performance in 
any Way. 

* 15 designed to “Form-Fit” to the exact con- 
tours of the 0 م‎ to provide superior 
tactile sensitivity & feel for individual keys. 
e Consists of Vitraflex™ material, a trans- 
parent, Rexible “Aim” which aren all 
‘markings’ to be clearly visible. 

VIZIFLEX SEELS are the only keyboard covers 

for your computer! 


ODGUGSGGEGGOGOMOOOS 
PT ist шеле rescrensack, 0700" | OTA? 6000 | 


Circle 263 on Reader Service Card 


y TURBODISC 
HIGH SPEED, [/О MAPPED 
RAMDISK FOR THE PC/AT™ 


в Replaces a Hard Disk in POC/AT '" 
Applications. 

* From2lo 12 MB of SIMM Memory In 2 MB 
increments 

è Memory is Mapped to LO Space, Noi 
Memory Space 

е Ramdwk Access Time Less Than 
2 Microseconds 


гри Ж TEMA PC AT i а trademark of 

PVT LO Pte Мастын, Inc 
Е 92 Computer Modules. inc. 
2348C WALSH AVENUE. SANTA CLARA, СА 95051 


TEL: (408) 496-1981 


FAX: (408) 496-1866 


Cirele 62 on Reader Service Card 


3O-day money back | 
Ш Programa 24-, 28-, 32- & 40-pin E/EPROMs M 


+. eR 


d. E a 


$i A te te ht 


How to Protect 
Your Computer 


And Make It Last Longer 


FREE money-making literature, What you need 10 

know about UPS — uninterruptible power systems. 

How to get complete protection from power line 

problems. 350 VA w 15 КМА models from the 

works largest manufacturer of single-phase UPS. 
Best Power Technology, Inc. 
РО) Box 280, Necedah, W] 54646 


Toll-Free (800) 356-5794, ext. 3756 
(60K) 565-7200, ext. 3756 


Circle 28 on Reader Service Card 


E DAY CH IPP AG (USUALLY) 
OE РАСУ SATA Мы РТ iB, vii 


ae 


1MxD 

258Kx9 

1Мх1 

259K1 

ZDK? 

758x 1 

256Kx1 

3 64Кх4 
41284 m ваха 12005 
PR 


t», 


E^ 


re. 


р ы eS 


64Kx8 200 ns 
3eKx8 150 ns 
16Кхв 250 ns 
STATIC RAM 
62256P.10 32kx& 100 ns 


ai 


OZET- 00307-16 40387-25 


$125.00. 5215.00 80387-20 8987-33 


8027-2 


x head ett — ва 


Circle 181 on Reader Service Card 


Genuine SOn yo Branded 
3.5" DS/DD (1.0 MB) Disks 


820 Less than 200 
SB-2DD (50 branded disks per box) 


3.5" DS/HD Disks MFD-2HD (2.0 МВ) 
$2.39/pisk 
Toll Free: 1-800-258-0028 


Free Catalog. Foreign Inquiries invited, 
Min, Order $25. S&H: $4.00, first 100 or fewer disks, 
13.00, aach addi 100 or lawar disks. MI resid. add 4% 
гах. COD: (add1 $5.50) payment with cash, cen. 

check of money order. Prices Subject to Change. 


| df ERA Data Products™ 
Р 


PO Boa 6367, Grand Anopeds, Ый 49515 


313-645-5080 - 616-452-3457 
FAX: 616-482-4914 = - E 
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514256... 
41464 isons 


labe 


153521 س‎ o Са di che E a ee tot ]186-3:9. 2525 


fasten Reg 292. 8889 - ` (800) 882- 8181 


Don't Monopolize 
Your Serial Port... 
Two RS-232 Serial Ports 
Only 5.5^ x 4.2" Hayes Compatible 
5 Year Warranty Made ia the USA 
30 Day Money Back Guarantee 
OR BUY DIRECT and SAVE SE 
DEALER PRICING AVAILABLE 
IST 
MICRO ELECTRONIC TECHNOLOGIES 


35 South St. Hopkinton MA 01748 
(800)766-7466 карша. 


Circle 177 on Reader Service Card 


SOFTWARE DEVELOPERS: 
Are Your Products Too 
Hard To Install? 

INSTALL 2.31 Is an automatic installation | 
program you can distribute—royally tree— 

with your product. 

if you write or publish software, /N- 
STALL ів the program you absolutely 
must have. 


Fealures: File compression « Up to 43 
Gigabyte file sizes * Elegant user interface 
* Full C Source * CRC Disk integrity veri- 
lication * Handles ail installation errors * 
Free tech suppart * NEW: Can intelligently 
modify CONFIG. SYS and AUTOEXEC.BAT 
files е INSTALL Includes a 30-day money- 
back guarantee, 

INSTALL offers over 3 years of proven 
reliability that has been used to install some 
of the most prestigious products іп the in- | 
m p dina would like to add your name to 
that ; 


KNOWLEDGE DYNAMICS CORP. 
НСа Box 185-H, Canyon Lake, TX 78133 
T-300-331-2783 MC/VISAJ/COD/PO 
1-512-964-3094 (international 
1-512-064-3956 (24-hr FAX) $149.95 
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BEST-386/25 W/387/25 —— BEST-386/20 Tower System $2,995.00 


"CAD/CAM WORKSTATION SPECIAL" SI 230 LM 226 
SI 287 IM 37 80386 20 MHz system board 


80386 25 MHz system board w/32 KB static cache | MB SIMM RAM 100и 


187 24 Super 16 Dit VGA card 800 х 680 res. (Yatung) 
rede ت قوی و ا ا ر‎ 14" Color Multisyn Monitor 800 x 600 res. (Tatung) _ 


4 МВ SIMM RAM ' 3 

ATI УСА Wonder card/512K 1024 x 768 res. ring seas riu лы 

ATI Bus Мацко 33 144 MB floppy drive (Trac) 

NEC 3D Multisyn Color Monitor 1024 x 768 res. 80 MB hard disk (Scagate ST-4096 38ms) 

3.25 1.2 MB floppy drive (Teac) I: 1 interieavc Hard disk/Floppy drive controller 
AS 144 MB floppy drive (Teac) ? serial. 1 parallel and | game port 

90 MB SCSI hard disk Tower case w/275 W power supply 

SCSE Host Adaptor 101 Enhanced keyboard 

Г loppy drive controller MS DOS 4.01, GW Basic 

2 serial, | parallel and ! game port Support 80387, Weitek Math Co-processor 
Tower case w/275 W power supply AMI BIOS with full MS-DOS, 05/2, SCO Xenix 
101 Enhanced keyboard Novell, 3COM and PCNET compatibility 


MS DOS 4.01, GW Basic 
AMI BIOS with full MS-DOS, OS/2. SCO Xenix 3 
Novell, 3COM and PCNET compatibility BEST-286/16 Laptop ЗЧ, $2,645.00 


LCD PORTABLE System BEST-286/12 Laptop System $2,495.00 


640 x 200 $1,495 
286/16 (286/12) MHz 0 wait system hoard 
640 x 400 51,645 1 МВ RAM expandable to 8 MB 
EGA COMPATIBLE $1,845 10.25" Gas Plasma Screen (720 X: 400 res.. 4 level gray) 
EGA compatible with external adaptor 
| 1.44 MB Floppy drive 
CRT PORTABLE System 40 MB Hard disk 25ms (Connor) 
| | serial, 1 parallel poris 
MONOCHROME $1,375 85 key tactile keyboard w/ external keyboard connector 
EGA COMPATIBLE $1,525 MS DOS 4.01, GW Basic 
Size: I5" X 14.25" X 1,5" Weight: 16 Ibs. 
————— A ب‎ ss BRE VEN 
30 DAYS MONEY BACK GUARANTY ONE YEAR P/L WARRANTY CALL FOR QUANTITY PRICE 
= ae Mm E cito NN DL LLL oss CLE A ARTIS ГЕ 


5017 Telegraph Road 
Los Angeles, CA 90022 
Те: (213) 265-0900 

Tech: (213) 265-0300 == 
Fax: (213) 265-4234 

Tol: (800/634-7920 mm 


` COMPUTER INC. | NTC 


Mon.-Fri, 8:00 - 6:00 Sal. 3.00 - 6:00 Pacific Time 
PRICE & SPEC. ARE SUBJECT TO CHANGE WITHOUT NOTICE 


To Order Call 1-800-634-7920 
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MMC 


ҮК Калай ай» КЕЛЕА А, 
ААЛ ЕТМ COLIN 


Jee Deve Бахаг а, 


IDR Microdevices’ 


20MHZ 386 


30 DAY MONEY BACK GUARANTEE » 1 YEAR WARRANTY ON ALL PRODUCTS «+ TOLL-FREE TECHNICAL SUPPORT 


| 4* MODULAR CIRCUIT TECHNOLOGY 
MINI-SIZED 386 MOTHERBOARDS 


5699 


THE MCT-At386 USES MEMORY INTERLEAVING FOR NEAR 
ZERO WAIT STATES, CLEAMLY DESIGNED MOTHERBOARD 
HAS A 8 LAYER РСВ FOR QUIET OPERATION, 

| * SOCKETED FOR 8038? COPROCESSOR - 16MHZ/20MH2 
SELECTABLE SPEEDS - USES 805 256K OR 1MB SIP RAMS 

| = 16MB RAM CAPACITY- SIME ON BOARD, BMB USING 

| OPTIONAL RAM CARD (СКВ INSTALLED) * STANDARD XT 
HOLE SPACING + FIVE 16-BIT SLOTS, TWO 8-BIT SLOTS, ONE 
32-BIT SLOT FOR PROPRIETARY RAM CARD • AMI BOS 


| + MEASURES 8.5* X 13* 
MCT 


-M3386-20 
MCT-M3B6-M SMB AAM CARD. OXB INSTALLED ... 9149.95 


MINI UPRIGHT TOWER CASE 


i dili ipL п 


EISE LT НПМ ъи у TE 


IDR HH ODEVJCES AME 


262 Fall i9% - 


BYTE IBM Special Edition 


> SMALL FOOTPRINT (12H X 
1a". Ka" Wh - COMPATIBLE 
W 8088 OR MIN! 286/386 
MOTHERBOARDS 

* ROOM FOR 6 INTERNAL 
EXPANSION CARDS 

= HOLDS THREE 5.25* 
DRIVES AND ONE 3.5 DRIVE 
(HALF HEIGHT) * 200 WATT 
POWER SUPPLY = 2-DIGIT 
LED SPEED DISPLAY 

^ FRONT MOUNTED POWER- 
ON, RESET AND TURBO 
SWITCHES, KEYLOCK 

« LEDS FOR HARD DISK, 
TURBO AND POWER-ON 
CASE-120 


* SPACE FOR 11 HALF 
HEIGHT DRIVES OR 3 FULL 
HEIGHT AMD 5 HALF HEIGHT 
- 5EXPOSED DRIVE BATS 
FOR FLOPPY OR TAPE 
DRIVES + HINGED FRONT 
DRIVE PANEL RESTRICTS 
ACCESS TO FLOPPY DRIVES 
* KEYLOCK, TURBO AND 
RESET SWITCHES 

" LED SPEED DISPLAY (2 
HITS · HARD DISK AND 
POWER-Of LEDS - 250 
WATT POWER SUPPLY 

= ZNO FAN FOR ADOITIONAL 
COOLING * HINGED SIDE 
PAMEL FOR QUICK ACCESS 
* STEEL CASE W/ROLLERS 
CASE-200 


1 | $ " | / 4 A ` 
25MHZ 386 CACHE  ., "Pe 7 
THIS RACEHORSE 188 COMBINES MEMORY CACHING AND MEMORY 
INTERLEAVING TO REACH 85% CACHE HIT RATIO FOR NEAR ZERO 


WAITS. 


+ 25MHZ 80386 > SOCKETED FOR 80387 OR WEITEK 3187 COPROCES: 


ETHERNET CARD 


USE THIS LOW-COST NETWORK CARD WITH 
JUST ABOUT ANY LAN SOFTWARE OESIGNED 
FOR ETHERNET PROTOCOLS. 
» 100%. HARDWARE COMPATIBLE WITH 
NOWELL KE-1000 ETHERNET CARD - COMPAT: 
IBLE WITH THICK OA THIM ETHERNET - 15 PIN 
ETHERNET CONNECTOR - GND CONNECTOR 

| FOR THIN ETHERMET » INCLUDEE ADOITIONAL 
DRIVERS FOR OPTIONAL CONFIGURATIONS 
DOFINET-300 


SORS • 16MHz/25MHZ SELECTABLE SPEEDS « INTEL 82385 CACHE 


CONTROLLER Wi 32KB FLEXIBLE CACHE MEMORY + CHIPS AND 

TECHNOLOGY CHIPSET + USES EONS OR GONS SIP RAM • B.S^ X 13° 
* STANDARD XT HOLE SPACING * FOUR 16-817 SLOTS. THREE &-BIT 
SLOTS, ONE 32-BIT SLOT FOR PROPRIETARY RAM CARD + AMI BIOS 


;* MODULAR CIRCUIT TECHNOLOGY 


4800/2400 BAUD 5 4 9 ( 
FAX/DATA MODEM de ls = 


A 2400/5800 BAUD COMBINED DATA/FAX MOOEM FOR LESS 
THAN MOST 2400 BAUD DATA MODEMS ALONE! AT SACRE 
FICING THE FAX RECEIVE FUNCTION WE CAN OFFER THIS 
REMARKABLE PRICE! 

+ 4800 BAUD FAX TRANSMISSION CAPABILITY TO ANY 
GROUP il! FAX MACHINE - 
» XTIAT COMPATIBLE HALF CARD * CONVERTS DOS TEXT, 
POX, AND TIFF FILES FOR FAX GROUP ПІ TRANSMISSION 

* EASY TO USE MENU DRIVEN SOFTWARE + PHONE BOOK 
* MULTIPLE FAX TRANSMISSIONS TO GROUPED 
ADDRESSES - INCLUDES PROFAX FAX SOFTWARE 


е 


MCT-FAXM 


14" SEIKO 
MONITOR 
5 E* 4M 


© P i а 


zu 


THIS DUAL FIXED FREQUENCY MONITOR UTILIZES A SONY 
TRINITRON TUBE WITH A SINGLE ELECTRON GUN INSTEAD 
OF THE USUAL fHREE TO OBTAIN REMARKABLY WELL- 
FOCUSED IMAGES AND EXCEPTIONALLY VIVID COLORS. 

* 14 NON-GLARE SCHEEN * ULTRA HIGH RESOLUTION 
(1024 X 768 MAX) * SUPER PINE 2% ММ DOT PITCH 

+ COMPATIBLE WITH 8514A. VOA AND МСА ADAPTERS 
HAVING PGA, EGA. CGA АМО HIGH RES DISPLAY MODES 

* AUTOMATICALLY ADJUSTS YO DISPLAY MODE 

* TILT SWIVEL BASE 


CM-1430 


2400 BAUD Y 22855 DATA MODEM 


B a O 3 l 


CALL OUR 24-HR BBS 
(408) 559-0253 


+ ON-LINE ORDERING = CONFERENCING 
| TECHNICAL INFORMATION = 


HIGH DENSITY 

FLOPPY CONTROLLER 
NEED A THAN OR FOURTH DRIVE CONTROLLER FOR 
YOUR AT? TRY THIS ОМЕР 
* USE WITH EXISTING CONTROLLER CARDS IN diae 
| XT ORAT COMPATIBLE + INTELLIGENT CONTROLLER 
KNOWS HOW MANY FLOPPY DRIVES ARE IMSTALLED AND 
AUTOMATICALLY ASSIGNS ORIVE LETTERS WITHOUT 
RESETTING SYSTEM СЯР SWITCH = SUPPORTS *.44MB, 
1 МВ, 720K AND 360K FLOPPY DRIVES (ANY COMBINATION 
MCT-FDC-HD 
MCT-FDC-HD4 з DIVE УЕНЭКИ eee ss sss 


ENHANCED KEYBOARD 
WITH CALCULATOR 


THE NUMERIC KEYPAD OW THES EMHANCED KEYBOARD 
DOUBLES AS А CALCULATOR, COMPLETE WITH MEMORY 
AND TUT UF LOG DISPLAY. 

« SPACE-SAVING 103- KEY KEYBOAAD DESIGN - TACTILE 
FEEDBALK = 12 FUNCTION KEYS « XT, AT AND PS? 
COMPATIELE > SOLAN POWERED MULTLFUNCTIONW 
ees. GA СЛИ АЕСИ WTH MEMORY FUNCTIONS 
FC-3001 


CALL FOR ЕНЕР. CATALOG: | 


DON ARF 


"YhADFAIARRA ПГ АПИ MICAGORYICES “AM BAS ARIE TAADB IRANI М 
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HARD DISKS KITS 
20MB*199 20 мв 249 
J30 mp $219 390 mp 5270 
40 MB °319 AF seagate 

on ms 5389 - 


60 MB *389 
ва MR 569 "uu. 


2400 BAUD 
MODEM 


$9g»s 


* HAYES COMPA ПЕ (ТҮ 

v AUTO DIAL/ANSWER 

d ا‎ ON POWER ИР . 
:FULL HALF DUM FX | il 

+ TOUCHTANE OA PULSE DIALING - "un EINE JACH 


‚ рас.241 


COMPATIBLE | 
PACKAGE F499 | 


„750 X Ый MAX RESOLUTION вао х 480 IN ТЕ COLORS. 
RESOLUTION IN 756 COLORS » HM S1 fit MONTIUM 
E EGA, CGA, ANT) WGA COMPATIBLE 
УДА РЕС име осе VGA CARD AND LONTAR) 


уда MONITOR 5759 


* 14 ANALOG TUA - GLARE RESISTANT СЕМ - 720 X 400 
- TuT EL GARE r FAJT MEAN TEO FPROAR ETE SAT CI d 


V A-MONITOR 


v | ‘grave хт ares | 
DFI HANDY SCANNER—400 орі | FETs nuns  эыз em | emm ООА a an 


COL ORS - BOD X 560 RESOLUTION, 14" NON. GLAR DISPLAY 
AUTO SWITCHING: - TTL'ANALOG VIDEO INPUT 


JDR-MULTI 


EGA SPECIAL! CARD & MONITOH-JUST $479 j 


Ё [— erms aame. sia pHa | 
| Smi ONS MF oe 
| аймак maw MS ла” | 


$4 9995 — 4 


* QUICKLY SCANS UP TD 4.1" 
WIDE IMAGES » 100, 200. 300, 
400 DPI BOTH DIRECTIONS + Baw А 


3 HALF-TONE MOOES * 32 LEVELS OF ^ EGA-MONITOR :4- RGB. MONITOR 8.00 
GRAY SCALE + HERCULES. CGA EGA AND VGA COMPATIBLE ^ JOR-RGB :«- = MONITOR TILT/SWIVEL BASE 95 
+ INCLUDES HALO OPE AND IMAGE ECHTOR SOFTWARE JDR О 17" TT MONOCHROME- GREEN p 


OCR-SOFT CHARACTER RECOGNITION SOFTWARE $89.95 


РРА — 
DRIVE KIT 1095 


COHTROLLER. CABLES, MDUNTING 
HARDWARE Ё SOFTWARE 1 326-РКО 


UPRIGHT 


case 2995 


SPACE SAVING OF SIGN HOLOS ALL SIZES 

OF MOTHERBOARDS AND INCLUDES: 

+ 250V POWER SUPPLY : MOUNTS 

FOA 3 FLOPPY & 4 HARD DRIVES 

» TURBO Б RESET SWITCH: LED SPEED 
DISPLAY + POWER & DISK LED'S 

* ALL HARDWARE, FACEPLATES & SPEAKER 
CASE-100 

CASE-FLIP FOR goga MEE 539.05 
CASE-SLIDE FOR 8068 METS $319.85 


— KEYBOARDS 


358.95 . 
$84.85 


BTC-5080 AUTOSENSE FOR XTAT 
MAX-5080 w/TACTLE FEECBACK 


ENHANCED KEYBOARDS: 

BTC-5338 AUTOSENSE FOR AT; AT. AUTOREPEAT си 
K103-4 АЛЕ "CLICK STYLE 85 
| MAX-5339 MAXI-SWITCH W/TACTILE FEEDBACK $94: 95 


1.44 MB 31/2" DRIVE 


$ 995 ا‎ 
« ULTRA HIGH DENSITY T i 
+ READANRITE 720K DISKS. TOO 


FDD-1.44X BLACK FACEPLATE 
FDD-1.44A БЕКЕ FACEPLATE 
FDD-1.44 SOFT SOFTWARE DRIVER. $19.95 


MODULAR CIRCUIT TECHNOLOGY “sauces,” 


MCT-FDC FLOPPY DiSK CONTROLLER $29.95 


Р онаа т 44 MB FLOPPY CONTROLLER s 1/2 HEIGHT FLOPPY DISK DRIVES: 
- HARD DISK CONTROLLER r F E-1/4* TEAC DDD 360K J 
DFI SERIAL MOUSE $ 2995 | wirst R conmouen ora Ш Fosse тас ost ны бй 
- BUTTON OPTO-MECHANICAL MCT-FH FLOPPY/HARD CONTROLLER 5139.95 FDD-360 К.т“ DYDD Зек 569,95 
200 0Р1 ^ 5-12 CABLE MCT-AFH 286/356 FLOPPY/HARD $140.05 FDO-1.2 5.14" OSHO f ЭМ $95.95 
- USES SERIAL PORT COM 112 MCT-AFH-RLL 266/255 ALL CONTROLLER $199.95 
=. А ОШ "A d DISPLAY ADAPTOR CARDS: 
— м MONOLHAOME GRAPHS $59.95 : 
MOUSE & HALC-DPE SOFTWARE MCT-CG COLOR GRAPHICS ADAPTOR $49.05 MOTHERBOARDS 
| OMS-200 $59.95 /Й MCT-EGA ENHANCED GRAPHICS ADAPTOR $149.95 UPGRADE YOUR ‘ 
д || Стубла BBTA AMALOGOM FIS И 25 MHZ 296 51049 © щоттюволно 
<b- LOGITECH MICE MCT-YGA-16 10-817 VGA. 10244780 FES $320.55 M. у> MHZ А 
MCT-MGMIO  MONOGRAFHICS MULTI IO $119.75 - 16 MB RAM CAPACITY - BMS ғ на H B 
E Y. EI ha 9 MCT MGAIO 286.986 MONOGRAFHICS UO $90.95 ON-BOARDI(OK), 8 MB RAM CARO 
UEM ت ت و‎ MULIVUNCTION CARDS: + USES 256K OF НАВ DAAMS 
еск, SERIAL MOUSE $98.95 MCT-MIO MLATI oO FLOPPY CONTROLLER — $79.95. # + 8 SLOTS: 1X32-BIT RAM 
LOGCS-P SERIAL MOUSE WTHPANTSHOW 510995 M MCT-IO Mut Ti © GARD $50.95 RPT E TET 
LOGCS-PBL SERIAL MOUSE WITH PUSLISHER 3149.95 j MCT-AMF 286346 MULTIFUNCTION $130.95 Ш - SHADOW НАМ FOA BIOS 
LOGCO-PC SERIAL MOUSE WITH PANTICAD $154.05 Ш MCT-AIO PAETAE MULTI HY CARO aed HN cm 
BUS MOUSE MEMORY CARDS: - —À 
LOGBS-P BUS MOUSE WITH PAINTSHOW — $104.85 MCT-RAM 576K ПАМ CARD $59.05 ADJUSTABLE BUS SPEEDS 
(DEEP س‎ MOUSE WITH e ri $149.25 т 2045-4 ie te 4 сози MCT-385MB20 19/26 MH2 386 $849.00 
| T: 1 аА а 3199.95 MCT-386-M SMB RAM CARD 400) $149.95 
12 MHZ MINI-286 *299 


MODULAR PROGRAMMING SYSTEM EPROM MODULE $115.98 
INTEGRATED MODULAR SYSTEM EASILY EXPANDS! ALL Ape caer ae de es уы 


MODULES USE A COMMON HOST ADAPTOR CARD--USE JUST CONVERTER + AUTO. BLANK CHECIUPROGRAM:' 


« AT COMPATIBLE « REVEOARD SELECTABLE miei 
* FAPANDASLE TO АМ ON-BOARD WITH rMB DAKE (OK) 
| = БАХ OB-BIT & TW) RENT BLOTS» AB REX + [ED SUPP oR 


ONE SLOT TO PROGRAM EPROMS, PROMS, PALS & MORE VERIFY «WPP 5, 12.5, 1275. 17. 21 А 25 VOLTS | MCT-M286-12 
| feta too эз NTELLIGENT, INTERACTIVE & QUICK a one. " GO MHZ MINI-Z85 -— 
У L ALGORITHMS = 1 ene MHZ 296 $ 25 
— ИРИРЕК. $29.95 MOD-MEP MCT-M286-20 0:20 MHZ 266 5589.00 
f MOD-MEP-4 cEPROM PROGRAMMER $166.05 MCT- STANDARD 4.77 MHZ BORE 
——— M" И MCT-TURBO 4.77% мно вова $95.95 


MOD-MEP-B а EPAC# PROGRAMMER $255,905 
MOD-MEP-16 16 EPROM PROGRAMMER $499. 


DIGITAL 1С MODULE $129.95 


a ЧЕ ЁСТАТ С ADDRESSES 
PREVENTS GONFLICTS . MCT-TURBO-10 a r710 MHZ SINGLE CHIP $088 $99.00 


* MOLDED CABLE 


MOD-MAC . + TESTS TTL. CMOS DYNAMIC. & STATIC RAM EPROM PROGRAMMER 129 
| - AUTO SEARCH РОН UNKNOWN PART NUMBERS a 
UNIVERSAL MODULE 5499.99 „= * USER-PACGAAMMABLE TEST PROCEDURES + PROGRAMS 27XX AND 27XXX EPROMS UP TO 27512 
- PROGRAMS EPROMS. EEPROMS. MOD-MIC * SUPPORTS VARIOUS PROGRAMMING FORMATS & 


VOLTAGES + SPUT OR 
COMBINE CONTENTS OF 
SEVERAL EPHOMS OF | 
DIFFERENT SIZES ; 
1 READ, WRITE, COPY. 


PALS, BI-POLAR PROMS, В?4В & 8751 | 
SERIER DEVICES *&V8 AND 20VA GALS 
(GENERIC ARRAY LOGIC) FROM LATTICE, 
NS, SGS - TESTS TTL. CMOS. DYNAMIC 


FAL MODULE 3249.95 
> PROGRAMS МЫН NS, Ti 20 А TI 24 PIN DEVICES 
* BLANK CHECK, PROGRAM ALTO. READMASTER. 


А STATIC RAMS + LOAD DISK, SAVE DISK, CURITY 
EDIT, BLANK CHECK PROGRAM ALTO pr ig пила 

READ MASTER, VERIFY AND COMPARE 

*TEXTOOL SOCKET FOR 1° TO 6W IGS | В-40 FINS) CUPL SOFTWARE—ENTAY LEVEL PAL DEV. KIT АМО INTEL HEX FORMATS 
MOD-MUP MODO-MPL-SOFT $99.95 MOD-EPROM 


Tena: iiem order $10. DU. For chipping Ж hand пенй $3 5D Tar {ерге dd 


- JDR MICRODEVICES, FIF BRANHAM LA NÊ, SAN JOSE 95124 $4.50 tp kir. CWURE/B oer 1 [b amd фоне ври orders êy redire пай інн a ыны 


charges- phis fu cbe Isi sale L) Шеригге POF IF mimicaint. СА. nesccenis mul 


LOCAL (4 08) 559-1200 FAX (408) 558-0250 TELEX 171-110 incide applicable gales ima. Prices subject Io change without modice. We are nol 


heen Be ler reer heel = bu s. We гирген а i M 1 н init guanti ге 6н 


RETAIL STORE: 1256 5. BASCOM AVE., SAN JOSE, СА минда талаа стг Г. АЙ marchandisa эеси ба pri: змея. A Tal сору ol ous 
(408) 347-8881 HOURS: M-F 9-7 SAT. 9-5 SUN. 12-4 v . i 


ORDER TOLL FREE 800-538-5000 Е 


DLDOPTYRH3HT F999 JD БШСЕ АСЕ 
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Wheres the @# 


Make the curser BIG and BOLD 
and BLINK аг any rate! The No- 
8 quint Cursor “is a lifesaving 
utility for laptop users." -- 
Computer Digest. Recommended 
by Peter Lewis in the NY TIMES; 
Bill Machrone in PC magazine; 
and Jerry Pournelle in 
INFOWORLD. No-Squint is 
$39.95 + 2.50 shipping from: 
SkiSoft Publishing., 1644 Mass. 
Ave., Lexington, MA 02173 
(617)-863-1876 — Visa/MC/Amex 
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EPROM PROGRAMMER 


+Quick pulse poms. eight 1 Mbit EPROMSs In 40 sec. 
» Stand-alone or PC-driven e 1 Megabit of DRAM 
*R3-232, parallel in & out ports — * Made in L.S A. 
* Binary, Intel hax, & Mot. S formals s A910 
#700 user-definabla macros a 2 year warranly 
*(nformation, call (918) 924-9037 • Single pom. $550 


NEEDHAM'S ELECTRONICS 
4539 Orange Grove Ave. e Sacramento, СА 35841 
mmm (M-F 6-50 eS 


Circle 191 on Reader Service Card 


replacement of hardware, media and 


purchased software. As little as $39/yr. covers: 
* Fire * Theft = Power Surges 

a Earthquake a Water Damage « Auto Accident 

For information or immediate coverage call: 


1-800-848-3469 


in Obio сай UT 
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EDITORIAL INDEX BY COMPANY 


Index of companics covered in articles, columns, or nca storica in this tasue 
Dach reference із to ihe Firat page of the article or section in which the company name appeare 


INQUIRY # COMPANY PAGE 
914 АЛ. ARCHITECTS ................ 56, 79 
881 ADAPTIVE NETWORKS ..,..... 7... 56 
587 ADOBESYSTEMS ...............26, 203 
913 
883 ADVANCED LOGIC 

1160 RESEARCH ...................... 13, 56 
884 AGFA COMPUGRAPHIC ............. 56 
| AP fio оона — ‚56 

1161 ALTOS COMPUTER SYSTEMS ..... 13 
886 AMDEK .............. enne 96 

ASHTON-TATE . — 87, 175, 209 
887 ASTRESEARCH 
1162 ....... — а 13, 56, 123, 131, 209 
AT&T.. E € 
888 AT&T DATA SYSTEMS GROUP .. „n 36 
ТО m — — a 139 
915 АТТИЛА. еве, "T 
BELL LABS ..............2« AS 
BICC DATA NETWORKS ............131] 
1163 BLACKSHIP COMPUTER 
БҮЕТЕМЕ F— — 1B 
RE "CADET Lesser eren toin oe s i 
889 CANON U.S.A. ................... 56, 203 


CHIPS & TECHNOLOGIES ....,....229 
COMPAQ COMPUTER ..... 13, 56, 131 


COKVUS...... 1*135uv13r»sPTPETabrkpd*)ébinMA4"-"ha aT 
DADAPOINT icin cine re ner rnrnarto ee 
DIGITAL EQUIPMENT ....,....95, t95 
DIGITAL RESEARCH ......... 209, 269 
DYNA COMPUTER .................... 13 
EPSON AMERICA .................... 131 
EVEREX SYSTEMS............... 13, 56 


FIVESTAR ELECTRONICS ..,.-.....13 
FORMALSOFT .. — 269 
GUPTA TECH NOLOGIES .. ..175 


HAMILTON LABORATORIES ...... 87 
HEWLETT-PACKARD ....56, 131, 203 


HILGFAENVE.,.........2 eroe B 
HITACHI AMERICA .................. 56 
ENT OG OIN QI E 56 
ING. C. OLIVETTI....................131 
INMOS............. ——— я.» til 
INSITE PERIPHERALS... T 6 
INTEL. .......56, 67, 123, 159, 209, 276 
LOCUS COMPUTING ................. 95 
E. ka n. M "— S ..87 
LOTUS 

DEVELOPMENT ...... 105, 209, 269 
MAGEE ENTERPRISES. .............105 


MATRIX DIGITAL PRODUCTS ..... 13 


INQUIRY £ 


1165 
897 


1172 


COMPANY PAGE 
MICRO EXPRESS ...................... 13 
MICROSOFT 

.. 56, 87, 95, 175, 209, 269 


MIPS .. ———— O 


NATIONAL MICROSYSTEMS ....... 13 
NEC INFORMATION SYSTEMS...131 


O'NEILL COMMUNICATIONS ..... 56 
OPEN SOFTWARE 

FOUNDATION............... 56, 95 
PC LINK... — "c 
PETER NORTON COMPUTING.. 105 
PHAR LAP SOFTWARE ......... 56, 79 
qe cc d — — PNE ы 56 
PKWARE ............. л _ 
ОЧАЮРЕАМ..................... sn 56,79 
QUALITAS ... on ~ 
QUARTER DECK OFFICE 

SYSTEMS.. .. 56, 79 
RACET СОМРИТЕ$.................. 131 
RATIONAL SYSTEMS............ 56, 79 
RELATIONAL 

TECHNOLOGIES .......... e 175 
КЕМА ІЅЅА МСЕ... 159 
SEATTLE COMPUTER 


PRODUCTS...........erenoe ere e Oy 
SONY CORP. OF AMERICA ......... 56 
SUN MICROSYSTEMS ....... s 95, 276 
Lj. k O OO 
SYSTEM ENHANCEMENT 

ASSOCIATES .....,....... s. 209 
SYSTEMS INTEGRATION 

ASSOCIATES ......... enr 1% 


[ij —————— I 
TANGENT COMPUTER —— 
TEAC AMERICA ....................... 56 
TEXAS INSTRUMENTS ............. 159 
THE ALDRIDGE CO. . — ДЕ 
TRANS-M...........-. „ао: 
TRAVELING SOFTWARE.. .. 105, 269 
TSENG Т.А ВЗ..........................‹ФЮ 


UNIX INTERNATIONAL ...... paaa _ 


VIDEO ELECTRONICS STANDARDS 


ASSOCIATION .............. sss 159 
VIDEO SEVEN.........................159 
WEITEK .. MUERE S d 
WESTERN DIGITAL IMAGI NG....139 
WYSE TECHNOLOGY .. .. S6, 131 
XEROX .. at A 195 
до, oi P DOES 105 
ZENITH DATA 

SYSTEMS................... 13, 56, 131 


READER 
SERVICE 


To ger further information on the groducte advertieed in BYTE, fill out 
tha reader service card by circling the numbers on the card that cor- 
respond to the inquiry number listed with the advertiser. This index is 
provided as an additional service by the publisher, who assumes no 
liability for errors or omissions. 


Alphabetical Index to Advertisers 


Inquiry No. Page Nn. 
6 ABACUS SOFTWARE КИР MIT 
9 ABACUS SOFTWARE ....  .177 


ACS INTERNATIONAL. ING  .. 200 
AK SYSTEMS ............-. 250 
ALTEX ELECTRONICS .... ,,258 
NMOENK .............4.... 181 


AMERICAN SMALL BUS.COMP . 138 
ANALOG & DIGITAL PERIPH. . 259 
ANDERSON CONSULTING &5/W 40 
ANMABOOKS ...... ... > 261 


AOUYTEK REAL TIME SYSTEM 28 
Lo aa de odas ET TE 108 
BASF rs ...... ...... 188 
BESTCOMPLTER ., . 261 


BEST POWER TECHNOLOGY . 260 


BINAHY EMGINEERING..... 223 
BITWISE DESIGNS,INC ,. ,, 150 
BITWISE DESIGNS (ING — ,, 150 
m 4 Кк» ES 
BPS а.с dA 
BLACKSHIF COMP, SYSTEM. 210 
BOGA RESEARCH __ . . .. 179 
BOCA RESEARCH ..,.-.... 178 
BOCARESEARCH ,. ,,. 181 
ВОСА RESEARCH  ........ tB1 
BOCA RESEARCH... _.. 183 
GOCA RESEARCH . ,,. .183 
BOLT SYSTEMS naa ne 088 
BOLT SYSTEMS t 88 
ВР MICROSYSTEMS =. .... 280 
BUYER'S MART ........242-249 
BYTE BITS ,....... ....... 296 
BYTEWEEKJNEWSLETTER,. 275 
BYTE PUBLICATIONS 189 
&YTE PUBLICATIONS 234,235 
ЕТТЕ SUG.MESSAGE ......, 270 
C SOURCE ......,,,......, , 98 
CAM SOFTWARE ............ 38 
CAM SOFTWARE ..... - 36 
CAPITAL EQUIPMENT CORP. . 98 
СЕО SOFTWARE ....... .. 199 
CLONE COMPUTERS ,. ,,,,257 
СМБ ENHANCEMENTS ., 39 
CMS ENHANCEMENTS ....... 38 
ONES... (2--. 180 


COMMUNICATION RESEARCH GA . 238 
COMMUNICATION RESEARCH БА 238 


COMPFAX ,, ... pa . 237 
COMPFAX 1, s o 237 
COMPUCOM.......02..-. 251 


COMPUTER AIDED TECHNOLOGY , 148 
COMPUTER AIDED TECHNOLOGY , 148 


COMPUTER DIRECT , 228,227 
COMPUTER DISCOUNT WAREHSE . 155 
COMPUTER MODULES... ., 260 
COMPUTER PERIPHERALS , 78 
COMPUTER SYSTEMS RESEARCHS4,55 
COMTROL CORP. | ..... (i 191 
CONCEPTUAL SOFTWARE .... 48 
CONCEPTUAL SOFTWARE, .. 46 
CONNEXPERTS .. .... ... . 29 
CONTECH. ._........... د د‎ 262 
CONTROL SYSTEMS... 15а 
CONTROL SYSTEMS .....,.. 158 
CONTROL VISION ., i’; 48 
CAICHLOW DATA SCIENCES . 258 
DAMARK INT'L... 232 


DARIANA TECHNOLOGY GROUP. 165 
DARIANA TECHNOLOGY GROUP 165 
DATACOPY SERVICE OF TEMAS . 259 


DATABASE А ПАТАСОМ SOL. . 176 
DAaTAPRO . . .. .... ; ... ri | 
DELL COMPUTER ,..,,,... CHT 


Inquiry Np. Page No 
" DELL COMPUTER . . , 80A-B 
80 DELL COMPUTER .  ..... BY 
180 OESCRIBEING.......... 92,03 
82 DIGIBOARD ......... Qo. fd 
83 DIONEX,... .......,.......$8 
85 DISKETTE CONNECTION .. 259 
86 DSP DEVELOPMENT CORP _. 201 
10 OSP TECHNOLOGY CORP .. 193 
89 DTKCOMPUTERING,.... .. 12 
90 OTK COMPUTER ING. .......12 
91 DURANT TECHNOLOGIES .,, 26 
82 DURAMT TECHNOLOGIES ,, 2 
94 ELITE MICHOSYSTEME. ... 1857 
95 ELS ENTERPRISES,LTD. ,..,., 213 
96 EMERSON ELECTRIC ....... 184 
97 EMERSON ELECTRIC , ,, 184 
96 ENERTRONICS RESEARCHING . 225 
$8 EVEREX SYSTEMS ..... 218.219 
100 EVEREX SYSTEMS 216,219 
101 EXSELING . ............-.-1Ё 
102 EXSEL,INC .. st 94 aay |... 
103 FINALSOFT CORPORATION ‚‹ 136 
104 FINALSOFT CORPORATION .. 136 
105 FLAGSTAFF ENGINEERING ,. 20 
106 FOUNTAIN TECHNOLOGIES . 218 
107 FTG DATA SYSTEMS .,..,.. 250 
* FUNCKEY ENTERPRISES. . .38 
109 FUTURE SOFT ENGINEERING 194 
110 FUTURE SOFT ENGINEERING 194 
111 GTEK IMG. Lee cree ee В 
112 GTEKING ssi, ......, s, BB 
413 GALACTICOMM .. ...... on 
114 GALACTICOMM ...,.........-2 
118 GATEWAY 2000 ,,., ,,, 484-0 
116 GENERAL PARAMETRICS .,. 187 
177 GEMERK; SOFTWARE. . . 127 
118 GENERIC SOFTWARE .....,. 127 
119 GENESIS DATA SYSTEMS ...231 
120 GENESIS DATA SYSTEMS ,,, 231 
121 GEOCOMP CORPORATION .. 18 
122 GEOCOMP CORPORATION ... 18 
123 GLENCO ENGINEERING ING 152 
124 GOLDEN BOW ............. 212 
125 ОТЕ DATA SERVICES ... .., 226 
124 G.REEDANC ..... Code Me 252 
127 HAUPPAUGE COMPUTER..... 37 
128 HEARSAY, INC ae MOT 
129 HEARSAY ING ....,.... ...281 
1990 HELIX SOFTWARE COMPANY 106 
181 HERSEY MICRO CONSULTING. 96 
122 HOME SMART COMPUTING , 259 
133 HOOLEON CORPORATION ... 162 
134 HORSTMANN SOFTWARE , 80 
135 HYPERKINETIGING.......,. 233 
138 HYPERKINETIX,ING ...... _ 233 
137 HEW MICROING., .. ., 16 
* |BM-AIX PROENICT . 40A-B 

* BMAX PRODUCT... 40,41 
138 LC. EXPRESS ,...... tia. a 460 
TIR IE mac re oN 
140 аб ....... ntm sa... 104 
141 IMAGENET SYSTEME,ING. . 456 
142 IMAGENET SYSTEMS,INC. , 258 
143 INVENTORY MARKETING CONSL 259 
144 ISLAND SYSTEMS |, ,,, ., 100 
146 ISLAND SYSTEMS ,., . , 100 
148 JAMECO ELECTRONICS ,....253 
147 JB TECHNOLGIES . 154 
14& JB TECHNOLOGIES .,.....- 164 
8 JOA., MICRHOOEVICES , 262,263 
T LDA. MICROOEVICES .. 282,263 
151 KADAK .. . ............ ‚4 
152 KAYPRIO COMPUTERS der DES 15% 


inquiry Ме. Page Мо. 
153 KAYPHO COMPUTERS ,, 151 
134 KEA SYSTEMS ...,..... .. 122 
158 KEPRO CIRCUIT SYSTEMS .. 38 
21 KINSON PRODUCTS CORP... 184 
22 KINSON PRODUCTS CORP. 164 
156 KNOWLEDGE DYNAMICS .,,. 260 
161 LIGHTNINGWORD СОВР. .... 101 
162 LIGHTHINGWORD CORP ..., 101 
16) LOGICAL DEVICES ,, .,. -. 256 
184 LOGICAL DEVICES ........ , 255 
185 LOGITECH ......... 2.445 
166 LOGITECH . ...,....,:. ot 45 


MANZANA MICROSYSTEMS . 214 
MATRIX SOFTWARE .,. . ,, 220 
MAXBUL ....... ooo eene ‚„ СІМ 
MAXON SYSTEMS IN . . 132 
MAXON SYSTEMS NC . ,, , 192 
MEGADRIVE. s s, ʻo. WD 
Se N 
NE оао... a | 
MERRITT COMPUTER PRODUCTS 32 
METRABYTE ,,..,,.,., --256 
MENT Ebs. oaii uua аа .74 
MEXTEL _.., E TÀ 
MICRO £LECTRONIC TECH. 266 
MICROPRESS ,. . ... .. 205 


MICROSOLUTIONS COMP.PROD . 48 
MICRONK S COMPUTERS.INC , 71 
NICROPROGESSORS UNLIMITED , 260 
MICROSIM CORPORATION .... BF 
MICROSIM CORPORATION .... BF 
MICROSOFT . , 
MICROSOFT , "TT -., & 
MICROTRONICS TRADE SERV. 75 


MICHOWAY Si: . +. CM 
MOSAIC MARKETING ... ... 123 
MULTI-MICRO ., ...+- tian ee 
NANAO w~ dwe ات‎ + = Ф534. + 228 
МАНАП "TER I -a 
NATIONAL INSTRUMENTS . v 

NATURAL MICROSYSTEMS > ха 
NEEOHAM'S ELECTRONICS. , 264 
NEWER TECHNOLOGY... . 30 
NIŞA INCORPORATED , ,. 114 


NOATHGATE COMPUTER SYS 348,387 
NORTHGATE COMPUTER SYS. 164,769 
NORTHGATE COMPUTER SYS. 170,171 
NOATHGATE COMPUTER SYS. 172,173 


ON TARGET , , ,,,.. ,, 206 
OVERLAND DATA .,,......, 281 
PACIFIC DATA PRODUCTS ., 202 
PACIFIC БАТА PRODUCTS .,, 202 
PARA SYSTEMS... ., ЁЗ 
PARCPLACE SYSTEMS .., .. 141 
PAROPLACE SYSTEMS .. ,.. 141 
PATTON & PATTON.,., ., 156 
PC DESIGNS ...... . «i. 107 
PC POWER & COOLING „.... вв 
PC POWER ВА COOLING... . .66 


PERIPHERAL TECHNOLOGY , 252 
PERISCOPE COMPANY ING .. 149 
PERISCOPE COMPANY ING , 149 


PERSONAL TEX .. - 240 
Pi COMPUTER CORP. ..,,..- 232 
Pi COMPUTER CORP... 252 
PINNACLE FUBLISHING ,.... 163 
PINNACLE PUBLISHING ... 163 
POPKIN SOFTWARE & SYSTEMS 145 


PRECISION DATA PROOUCTS 250 
PRECISION PLUS SOFTWARE . 32 
PRESENTATION ELECTRONICS 64 
PRESENTATION ELECTRONICS 274 
PRIORITY ONE , Turic 


кава 


BYTE ІВМ Special Edition * 


Inquiry No. Page Ко. 
218 PHOSYSTEM COMF TECHNIC . SB 
219 PROCOMP,U.S A INC. ,..., .28 
220 PROCOMP,U.S ANC, ..... 26 
221 PROGRAMMERS WHOLESALER 271 
222 PROGRAMMERS WHOLESALER 273 
HS ОМО .. ...,..... pee ӘР 
224 OMS , sao m tt n ШОТ 
225 HM TECH ..... ....... ees 18 
282 QUARTERDECK _._.. .. 102,103 
283 QUARTERDECK ........ 102,103 
484 QUARTERDECK .., , 102,703 
285 QUARTERDECK ., 102,103 
227 QUICKSOFT.|NC  ...... 182 
228 FAINBOW , ез о M oi 
220 RAINBOW ..... .. » 1%? 
230 ROSE ELECTRONICS ITE 
231 ROTATING MEMORY SERVICE 30 
832 SAFEWARE.. .. .... 1. „254 
233 SANTA CRUZ OPERATION , 9 
289 SCIENTIFIC ENDEAVORS, 272 
290 SCIENTIFIC ENDEAVORS ..., 272 
291 SCIENTIFIC ENDEAVORS . ..272 
235 SILICON SHACK...... ..., 258 
236 SKISOFT PUBLISHING CORP . 264 
237 SOFTWARE LINK 1 76.77 
238 SOFTWARE LINK __. _. 76,77 
238 SOFTWARE SECURITY ......, 65 
240 SOTATECHNOLOGY, .,,.-217 
баз HR. ... eoi AT 
242 TaTUNG COMP. OF AMERICA », BS 
243 TEKTRONIX ................ 43 
244 ТЕКТАОМІХ ............ TEL 43 
248 TEXAS MICROSTSTEMS,INC .. 22 
247 THE WHITEWATER GROUP .. 174 
248 THORGURN & ASSOCIATES . 259 
249 TOSHIBA... ... Mo o 10,11 
250 TOSHIBA,.......--..-,,. 10,11 
283 TAIPP UTE 2... _...._. ieee H4 
25а TRUEVIGION. .------ ---- 142 
255 TURBOPOWER SOFTWARE , . 108 
256 UNICORN ELECTRONICS . . .. 256 
* UNITED SOFTWARE SECURITY 324-8 
t UNITED SOFTWARE SECURITY 33 
257 UNITEX,ING ........... 254,255 
* UNIXWORLD , TET TS 
258 V COMMUNICATIONS, ING ,.-- 63 
259 VCOMMUNICATIONS,INC... 211 
295 VARTECHINT'L ...,.. ... , 250 
260 VICTORY ENTERPRISES , 146 
261 МОЕХ..,.....,›...›..-.‹. UO 
262 VIDEX .,.. 6. i ‚ o 99 
263 VIZIFLEX SEELS ,.......... 260 
254 WEITEK CORPORATION |. 24,25 
265 WELLS AMERICANIN. AMER) .,. 125 
266 WELLS AMERICAN(N AMER) .. 125 
207 WELLS AMERICAN (INT'L) _. 325 
268 WELLS AMERICAN (INT'L). .. 125 
297 WELLS AMERICAN(N.AMER) . 135 
298 WELLS AMERICANIN.AMER] .., 135 
299 WELLS AMERICAN {NTL} ..135 
300 WELLS AMERICAN (INT'L) 135 
269 WHOLESALE DIREGT ING. .. 28 
270 WILLCM/ PERIPHERALS _....21 
271 YECTECH ..,.. „s> -190 
272 ZENITH DATA SYSTEMS ,.... 27 
273 ZEUS INTERNATIONAL ,,,,, 115 
274 ZEUS INTERNATIONAL ., 118,117 
278 ZEOSINTERNATIONAL 148.179 
276 ZEOSINTERNATIONAL ., 320,121 
276 ZOLTRIX ri. 2) ...... ‚124 
* Corresponad directly with company 
Fall i989 265 


READER 
SERVICE 


To get furiher information on the products advertised in BYTE, fill out 
the reader service card by circling the numbers on the card that cor- 
respond to the inquiry number listed with the advertiser. This index is 
provided as an additional service by the publisher, who assumes no 
liability for errors or omissions. 


* Corespand directly with company. 


Index to 


Adver 


tisers by Product Category 


inquiry ho. Page ttc. | inquiry He. Page Ne, | Inquiry No. Page Ме. | Глебу no Fage Ыг 
Fs a06 MASS STORAGE 31 BITWISE DESIGNS,ING ..... 4, 150 264 QUARTERDECK ,...... 102,103 
HARDWARE 32 BLACKSHIP COMP.SYSTEM..210 | 285 QUARTERDECK ,, 192,103 
11 AKSYSTEMS . . ....... 250 84 COMPUTERSYSTEMSRESEAhCHB4,S& | 227 OUICKSOFTINC |. . .. . 192 
15 ANALOG А DIGITAL PERIPH _ 258 7 DELL COMPUTER .. CHA 
800 ADD INS 14 BASF ........ P >. 133 ^ DELL COMPUTER | .. 80A-B | вів iIBM/MSDOS APPLICATIONS 
BA CONTECH. sa ~. + 252 60 DELL COMPUTER ..... . В1 SclentHic/Technical 
288 ACSINTERNATIONAL.INC .. 200 105 FLAGSTAFF ENGINEERING . 20 83 DIONEX . - e E 
23 АП. ... І 109 " MAXELL soos sen 1 UN 88$ DTKCOMPUTERJNC ..... .. 12 18 ANNABOOKS „|, ..,. .,., 281 
$3 BOCARESEARCH .... . , 179 iT! MEGADRIVE |, , o’ 09 90 OTK COMPUTERING — .. 12 29 BINARY ENGINEERING , ,. 223 
34 BOCARESEARCH 1. 179 195 OVERLAND DATA — .... ...251 99 EVEREX SYSTEMS ... 248,219 $6 DSP DEVELOPMENT CORP . 201 
35 BOCAREBEARCH ....... .1ff 100 EVEREX SYSTEMS ..... 218,219 | 124 GOLDENBOW . , „|.. 212 
$6 BOCARESEARCH ....... .181 | BOT MISCELLANEOUS | 106 FOUNTAIN TECHNOLOGIES, 216 | 125 СТЕ DATASERVICES... ,... 236 
37 BOCA RESEARCH .. ...... 183 115 GATEWAY 2000  ,. ,,.48A-D | 134 HORSTMANN SOFTWARE . _. 80 
48 BOCAREBEARCH ,, .., , 183 | 292 DATAPRO . ........ mra ‚274 | 127 HAUPPAUGE COMPUTER, ,, 37 | 189 NATIONAL INSTRUMENTS ..... 7 
45 CAPITAL EQUIPMENT CORP. ,, 98 | 174 MERRITT COMPUTERPRODUCTS 32 | 499 HOME SMART COMPUTING ,.259 | 201 PATTONAPATTON ....,.... 15B 
62 COMPUTER MODULES ., .269 | 203 PC POWER & COOLING: . 96 | 152 KAYPRO COMPUTERS , .. .181 | 212 POPKIN SOFTWARE А SYSTEME 145 
85 COMTROLCORP. ........,. 1891 | 204 PC POWER & COOLING . 66 | 153 KAYPRO COMPUTERS . .. .181 | 214 PRECISION PLUS SOFTWARE 22 
88 CONTROL SYSTEMS. , 458 | 231 ROTATING MEMORY SERVICE 38 | 480 MICRONICS COMPUTERS.ING 71 | 24% SPSS | „ы 47 
70 CONTROL SYSTEMS.,,,.. „1584 | 235 SILICON SHACK si, 256 | 464 MICHOTRONICS TRADE SERV. 79 
52 DIGIBOAHO .. ricade A 260 VICTORY ENTERPRISES... 146 " MICACWAY ,, m cm | 879 HSCS — CAD 
88 ENERTAOMICS RESEARCHING 225 | 263 VIZIFLEX SEELS .......... 280 | 49g MULT-MICRO. .. .,, 81 
107 FTG DATA SYSTEMS .,, 250 * NORTHGATE COMPUTER SYS. 166,167 134 AMERICAN SMALL BUS COMP , 138 
11$ GALACTICOMM .... a.. . 5 айй MODEMS'MULT!PLEXORS + MORTHGATE COMPUTER SYS 158,169 117 GENERIC SOFTWARE |, 127 
114 GALACTICOMM ‚,_..,..... o2 + WORTHGATE COMPUTER SYS. 172,173 | 118 GENERIC SOFTWARE , . 127 
111 GTEKING, ......- D ` CLEO SOFTWARE .. ..... 199 | 202 BCDESIGNS .,. si.. .... 107 
112 ОТЕКІМС,,,..... sss BB 57 COMPUCOM ,.... .,...,.. 251 | 205 PERIPHERAL TECHNOLOGY 252 | 820 IBM/MSDOS COMMUNICATIONS 
128 HEARSAY,NC . , 251 83 COMPUTER PERIPHERALS ... 7B 280 PI COMPUTER CORP... 252 
128 HEARSAY INC _........._.. 251 | 11% GALACTICOMM o 2 597 | 2A1 SICOMPUTERCORP....... 252 51 COMMUNICATION RESEARCH GA . 238 
132 HOME SMART COMPUTING ,259 | 114 GALACTICOMM .._.. -- -- -2 | 240 SOTATECHNOLOGY  . ...217 | 52 COMMUNICATION RESEARCH GA 238 
21 KINSON PRODUCTS СОВР .,, 164 | 177 MICROELECTRONIC TECH .. 260 | 246 TEXAS MICROSYSTEMS,ING 22 | 77 DATABASE & DATACOM SOL 176 
22 KINSON PRODUCTS CORP .. 164 249 TOSHIBA. ...-......- -. 20,91 | 108 FUTURE SOFT ENGINEERING 194 
169 MAXON SYSTEMS.INC 132 | 80% MONITORS | 250 TOSHIBA., .. .. - 40,11 | 710 FUTURE SOFT ENGINEERING 194 
170 MAXON SYSTEMS, INC 132 285 WELLS AMERICAN(N.AMER) . 125 154 KEA SYSTEMS  ,. . 122 
180 MICRONICS COMPUTERSIN 71 13 АМОЕК 101 | 266 wELLSAMERICAN(N AMER) 125 | 190 NATURAL MICROSYSTEMS |, 153 
192 NEWER TECHNOLOGY . .... 90 th m i N ——— Жа 258 WELLS AMERICAN (INT'L) , 126 | #2 (AM/MSOOS — GRAPHICS 
208 PERISCOPE COMPANY,INC , 149 TE - 207 WELLS AMERICAN(N.AMER) 135 
207 PERISCOPE COMPANYJNC.. 149 | 242 TATUNG COMP.OF AMERICA 85 | 295 WELLSAMERICAN(N AMER) . 135 | 28 DSP DEVELOPMENT CORP .. 201 
219 PROCOMP,U.S A.ING. _ _. 26 279 ZOLTRIX . o.s sa sore esan 1989 299 WELLS AMERICAN (INT'L)... . 135 116 GENERAL PARAMETRICS ,. 187 
220 PROCOMP.U.S A.INC. .. ....26 300 WELLS AMERICAN INT'L) ...138 | 210 PINNACLE PUBLISHING . .. 163 
225 QUATECH .., ..... , ,16 | 8 NETWORK HARDWARE | 272 ZENITHOATASYSTEMS ......27 | 211 PINNACLE PUBLISHING , 163 
235 SILICON SHACX, .  ... 258 273 ZEOSINTERNATIONAL ,, 198 
254 TRUEVISION .. suos taz | 20 AQUYTEK REAL TIME SYSTEM 28 | 37a 7EQS INTERNATIONAL , 118,117 | 522 IBM/MSDOS — LAN 
264 WEITEK CORPORATION ,. 24,25 47 CMS ENHANCEMENTS... ..38 | 275 ZEQS INTERNATIONAL — 118,119 
48 CMS ENHANCEMENTS |, ag 219 PROCOMP,U S.A INC. ..... 2 
259 WHOLESALE DIRECTING. ,. 28 48 GOHNEXPERTS эр | 278 ZEOSINTERNATIONAL |. 120,121 | 559 PROCOMP LEA ING жа 
270 WILLOW PERIPHERALS . 21 UR e v— А: 
bn — 21 KINSON PRODUCTS CORP... 184 525 IBM/MSDOS — LANGUAGES 
22 KINSON PRODUCTS CORP , 164 81 DURANT TECHNOLOGIES .. , 26 mper uem aer - 
157 MANZANA MICHOSYSTEMS 214 | 199 NATURAL MICROSYSTEMS .. 183 92 DURANT TECHNOLOGIES .. 26 as his а= > 
{71 МЕСА САМЕ ...... ert .Bg | 238 PROCOMP,U.S.A,NC. ... 28 | ов EMERSONELECTRIC . . 184 SOF TW: ТАЕ 
{ТЗ MICROSOLUTIONS COMP PROD 48 220 PROCOMP,U.S.A,INC. ,. .,. 28 97 EMERSONELECTRIC. ____ 184 119 GENESIS DATA SYSTEMS,, 231 
230 ROSE ELECTRONICS . .. 25 | ‚ва PARASYSTEMS — p | 1 DISUSE. o 
502 FACSIMILE |. mcd gs | 253 TRIPPLITE. . s 34 К MICROSOFT т 
= oe M e EC 196 PACIFIC DATA PRODUCTS . . 202 а 200 PARGPLACE SYSTEMS .. 141 
197 PACIFIC DATA PRODUCTS . 202 SOFTWARE 218 PRONGTEM fi m 
: 22$ OMS ... . a, ,.. 207 247 THE WHITEWATER UP , 174 
ce اس کے تاا ی س‎ | Жы cn "ie | ‚. 207 256 TYURBDPOWER SOFTWARE 108 
41 BP MICROSYSTEMS ,. ,,, 260 243 TEKTRONIX .... .. « 43 | Bre APPLEJMAC APPLICATIONS 
111 GTEK ING... ... or Pe ie Вв 244 TEKTRONIX . . : - - 43 S&clentific/Technical &24 iBM/MSDOS .— UTILITIES 
112 GTEKING... __..... ___._.. B6 249 TOSHIBA ...- --...- . 10,11 
183 LOGICALDEVICES .__._. 255 250 TOSHIBA . ..., ...... . 19,11 182 MKCROSIM CORPORATION 87 38 BOLT SYSTEMS. .... . ,.8B 
164 LOGICAL DEVICES . __.. .255 183 MICROSIM CORPORATION... 87 40 BOLT SYSTEMS. ... .., . ВВ 
191 NEEOCHAM'’S ELECTRONICS . 284 | 612 SCANNERSAMAGE PROCESSORS 42 C SOURCE . e, s 
aa ۴ IBM/MS(X?8 APPLICATIONS 49 CNSINC o s s. se 130 
айа INSTRUMENTATION 58 COMPUTER AIDED TECHNOLOGY _ 146 Au minde Office ВТ? DARIANA TECHNOLOGY GROUP. 165 
59 COMPUTER AIDED TECHNOLOGY 146 88 DARIANA TECHNOLOGY GROUP. 155 
175 METRABYTE., ... ... ... 266 | 193 NISCAINCORPORATED — . 114 t? ANDERSON CONSULTING &&'W4B | 103 FINALSOFT CORPORATION — 136 
O81 VIDEX а... aa’ ... 99 66 CONCEPTUAL SOFTWARE ,.48 | +04 FINALSOFT CORPORATION . 136 
80s KEYBOARD&/MICE | 282 VIDEX ... pede. = 67 CONCEPTUAL SOFTWARE. .. 46 > FUNCKEY ENTERPRISES _. 38 
77 DATABASE & DATACOM SOL .178 | 419 GENESIS DATA SYSTEMS, 297 
133 HOOLEON CORPORATION . . 182 813 SOFTWARE SECURITY 160 DESCRIBE INC.. . . 92,93 120 GENESIS DATA SYSTEMS , 231 
165 LOGITECH | 2 esse 95 116 GENERAL PARAMETRICS ... 187 | 130 HELIX SOFTWARE COMPANY 106 
166 LOGITECH . ЖЕТ , 45 123 GLENCO ENGINEERING,ING , 152 181 LIGHTNINOVVORD CORP, ‚„ 101 13 HERSEY MICRO CONSULTING $96 
172 MEI E] bitib 144 228 RAINBOW —— == [IP eee wae 137 162 LISGHTNHINGWORG CORP, „ L 101 135 HYPERKINETIX,INC . . 1 233 
173 MEI 0. 2.444 | 228 RAINBOW... _...,.. .....137 | 185 MOSAIC MARKETING ..... . 128 | 136 HYPEAKINETIXING ...233 
293 MEXTEL... ... ... т | 259 SOFTWARE SECURITY . . .85 | 210 PINNACLE PUBLISHING .. , 163 | 141 IMAGENET SYSTEMSNC. ... 255 
294 ЭЛЕКТЕ. , .. 7a 211 PINNACLE PUBLISHING ... . 163 142 iIMAGENET SYSTEMS,INC. 256 
* NORTHGATE COMPUTER SYS 176,171 | a14 SYSTEMS | 212 POPKINSOFTWARE & SYSTEMS 145 | 144 ISLAND SYSTEMS.. ._ .. 100 
215 PRESENTATION ELECTRONICS 64 282 QUARTERDECK | 102,103 | 145 ISLAND SYSTEMS , , 100 
218 PRESENTATION ELECTRONICS 274 30 BITWISE DESIGNSNC.. . 150 | 283 QUARTEROECK, . .... 102,103 | 463 KNOWLEDGE DYNAMICS ,. 260 
266 Fall 1989 » BYTE JBM Special Edition 


READER 
SERVICE 


* Correspond directly with company. 


FAX: (215) 496-3828 


International Advertising Sales Staff: 


РАХ: (415) 954-9795 


Bill McAfec (408) 8794-0371 
McGrew-Hill Publication 
1999 South Bascom Ate. 
Fed #210 

mpbell, СА 95008 
FAX: (408) 879.9067 


FAX: (713) 462-6526 


Frank Tanis, European Sales Manager, BYTE Publications, 
Batenburg 103, 3437 AB Nieuwegeln, The Netherlands, tel: 31 34 02 49496, fax: 31 34 02 37944 


Karen Lennie 

McGraw-Hill Publ ishing Co. 
34 Dower St. 

Loman W 1X 4BR 


01 493 143] 
: 01 493 9896 


Ros man 
‚ Austria, & Switzerland 
ishing Co. 


London WIX 4BR 
Eagland 01 493 1451 
FAX: 01 493 FENG, 


Aipssundro Coari Миса М 
McGraw-Hill Publishing Co McGraw- Hill Publishing Co. 
Vie Flavio Barucchinî | Overseas Corp, 
20123 Milan, haly Room 1529 
(2) 89010103 Kasurnigaveki \ 
FAX: (2) 879 400 3-2-5 тес} 
Chiyoda-Ku 

Mrs. Мага Sarmiento Tokyo 100, Jopan 
Pedro Texeire Б. Off, 320 13581 9611 

Iberia Магі ! БАХ: 81-3-581-4018 
— 4, Spain 
| 45 52 891 


FAX: B52 5 810 1283 


Seaver Lt 
300 Orchard Road. #10-01 
Si re 2S 
a жа Singapore 

: 734-9790 
Telex: 6535319 SEAVEX 
FAX: 65 732 $129 


BYTE iBM Special Edition * 


HwNVITy Ne. Pags Мо | inquiry Wa. Paoa No. | Inquiry Mo. Page Na. | HUFF No. Faye ni. 
199 PARCPLAGE SYSTEMS... .. 191 {БЕ QCOCOMP CORPORATION чв н LIMPONDODI D 114 
200 PARCPLACE STSIEMS ..... MI | 102 MIGHOBIM CORPORATION... 97 831 MISCELLANEOUS 
206 PERISCOPE COMPANY ING.. 149 | 183 MICROSIM CORPORATION ,.. 97 
207 PERISCOPE COMPANY INC . 149 830 MAIL ORDER/ E te ا‎ EU 
214 PRECISION PLUS SOFTWARE ‚132 | в27 OTHER -- LANGUAGES ETAIL | 137 PAWHICROINC........ -> 
218 PROSYSTEM СОМР TECHNIC . 59 RETAIL 165 KEPRO CIRCUIT SYSTEMS . . . . 36 
282 QUARTERDECK ..... . 102,109 | 7! CONTROLVISION. .... . ..48 | 12 ALTEXELECTRONICS.......259 | 194 ONTARGET ..... . ...248 
283 QUARTERDECK...... . 102,103 27 BEST COMPUTER 261 | 232 SAFEWARE. ... ... Qoo 264 
284 QUARTERDECK,.... .. 102,103 48 CLONE COMPUTERS .......257 
285 QUARTERDECK..... .. 102,109 | 828 DESKTOP | so COMPUTER OIRECT ..,. 226,227 | рдо ON-LINE 
227 QUICKSOFTJNC . .........192 PUBLISHING &1 COMPUTER DISCOUNT WAREHSE . 155 
289 SCIENTIFIC ENDEAVORS .... 272 75 CRIGHLOW DATA SCIENCES . 259 SERVICES 
280 SCIENTIFIC ENDEAVORS . ..272 | gp DESCRIBE INC — * DAMARKINTL.............282 
291 SCIENTIFIC ENDEAVORS ....272 | ga MATRIX SOFTWARE | |... 220 &5 DISKETTE CONNECTION ... 255 ud c o M NEM CUN T4 
236 SKISOFT PUBLISHING CORP . 284 | ү wicROPRESS “оов 95 ELSENTERPRISES.LTD...... 913 | 450 вх : _, 239 
247 THE WHITEWATER GROUP ..174 | ion paciFic DATAPRODUCTS . 202 | 101 EXSELINC........... -..18 | f 
255 TURBOPOWER SOFTWARE .. t00 | 40> PACIFIC DATA PRODUCTS . 202 | 102 EXSELINC .... ........... 178 
* UNITED SOFTWARE SECURITY 32A-B | sos PERSONALTEX agg | 198 GATEWAY 2000 .... .. Г 4-0 833 OPERATING 
" UNITED SOFTWARE SECURITY 33 | UU ^ "vt 126 G.REEDING ............... SYSTEMS 
258 VCOMMUNICATIONS,ING, .__ 63 143 INVENTORY MARKETING CONSL si 
259 VCOMMUNICATIONS,ING . 211 138 LC. EXPRESS .. .... 280 | X PRODUCT ...... 40A- 
295 VARTECHINTL ............ 250 | 829 EDUCATIONAL/ | ‚ав JAMECOELECTRONICS 253 -— P. ин AN 
271 YSCTECH ... aa .... 1.980 INSTRUCTIONAL | 147 JB TECHNOLGIES ..........164 | 429 Ge. ... LOTY 104 
148 JB TECHNOLGIES .......... 164 | 140 GG... о... vere. | 
825 OTHER APPLICATIONS 8 ABACUS SOFTWARE ...... ‚_ 17? 6 ЛОР, MICRODEVICES .. 262,263 151 КАБАК ............. ........ 4 
Business/Office 9 ABACUS SOFTWARE ........ 177 7 J.D.R. MICRODEVICES .. 262,263 | 233 SANTACRUZOPERATION .....0 
28 BEST POWER TECHNOLOGY. 260 | 181 MICROPROCESSORS UNLIMITED .280 | 237 SOFTWARE LINK....__... 78,77 
705 MOSAIC MARKETING ...... 129 | 296 BYTEBITS .. ., 114.256 | 213 PRECISION DATA PRODUCTS 260 | 238 SOFTWARE LINK... .., 76,77 
. ME ap e oo 189 | 297 PROATYONE.... ........ 215 
B28 OTHER APPLICATIONS " BYTE PUBLICATIONS .. 234,236 221 PROGRAMMERS WHOLESALER 271 1 
&clantific/Tachnical * BYTE SUB.MESSAGE .......270 | 222 PROGRAMMERS WHOLESALER 273 | 834 RECRUITMENT 
— n imc án کف‎ * BYTEWEEKJNEWSLETTER,..275 | 256 UNICORN ELECTRONICS .... 258 
171 GEOCOMP CORPORATION . 1E 125 GTE DATA SERVICES . ,, 236 257 UNITEX INC .. +. 254.285 24B THORBURN S ASSOCIATES . 259 
BYTE ADVERTISING SALES STAFF: 
Steven M. Vito, Associate Publisber/V. P. of Marketing, One Phoenix Mill Lane, Peterborough, NH 03458, tel. (603) 924-9281 
Arthur Kossack, Eastern Regional Sales Manager, 645 North Michigan Ave., Chicago, IL 60611, tel. (312) 751-3700 
Jennifer L. Bartel, Western Regional Sales Manager, 8111 LBJ Freeway, Suite 1350, Dallas, Tx 75251, tel. (214) 644-1111 
Liz Coyman, Inside Sales Director, One Phoenix Mill Lane, Peterborough, NH 03458, tel. (603) 924-2518 
NEW ENGLAND SOUTHEAST SOUTH PACIFIC EYTE BITS (2x3) Nations! Sales 
ME, NH, VT. MA, RI, ONTARIO NC, SC, GA. FL. AL, TN, VA. MS SOUTHERN CA, AZ, NM, Mark Stone (603) 924-6230 Scott Gagnon (603) 924-4340 
CANADA & EASTERN CANADA Thomas Tolbert (405) 232-8626 LAS VEGAS ications bag A nn Goulding 
John C. Moon (617) 262-1168 McGraw-Hill Publications Ron Cordek (714) 557-6292 Оле Phoenix Mill Lane ) 924-1664 
McGraw-Hill Publications 4170 Ashfond-Domoody Road McGraw-Hill Publications Peterborough, NH 02458 Elisa Lister (603) 924-2664 
575 Boylston Street Suite 420 3001 Red Hill Ave BY TE Publications 
Boston, MA 02116 Alama, GA 30319 Building 71 —Suke 222 The Buyer's Mart (152) Оте Phoenix Mill Lane 
FAX: (617) 262-6430 FAX: (404) 252-4056 Cosa Mesa, СА 92626 Brisa Higgins (083) 924-5254 Peterborough, NH 03458 
FAX. (714) 557-22 IU BYTE 
ATLANTIC MIDWEST tine Phoenix Mill Lane BYTE li 
NY, NYC. CT, NJ (NORTH) IL. MO, KS, IA, ND, SD. MN. Tom Harvey (213) 486-5243 Peterborough, NH 03458 Ed Ware (603) 66 
Kim Norris (212) 512-2545 KY, OH. WI, NB, IN, MI McGraw-Hill! Publications BYTE Publications 
McGraw-Hill Publications Kurt Kelley 12) 751-3740 3313 Wilshire Boulevard #407 Regios! Advertising о One Phoenix Mill Lane 
1211 Avenue of the America MeOrmv-Hili Publications Los A ‚ СА 90010 Larry Levine (603) , NH 03458 
28th Floor Blair Buikdi FAX: (213) 480-5249 BYTE Publications 
RO "2 512.930 Ch sty * Adi NORTH PACIFIC Perte euch NH 03438 C Engi 
| ы - М пега 
Смее ott НІ, WA, OR, ID, MT, Dan Harper (683) 
EAST NORTHERN CA, Barry Echavarria (681) 924-2574 Publ cat kis 
PA, SJ (SOUTH). SOUTHWEST, NV (cxcemt LAS VEGAS) BYTE Publication One Phoenix МШ Lane 
MD, W.VA, DE, D.C ROCKY MOUNTAIN W. CANADA, UT Cine Phoenix Mill 1 amc Peterborough, NH 03458 
Thomas J. Brun (215) 496-3813 CO, WY. OK, TX, AR, LA (415) 362-4600 Peserborugh, NH 03458 
MeQraw-Hill Publications Karl Heinrich (723) 462-0757 McGraw. Hill Publications Peterborough, NH Offke 
Threc Park McGraw-Hill Publications 425 Battery Street Admertising Fa" 603-924-7507 
Philadelphia, PA 19102 7600 W Tidwell Rd —Suite 500 San Francisco, CA 94111 


Mt. Ernest McCrary 
Empresa Internacional de 
Comutcacoet Lida. 

T0 ^ — We 222 

01302 Sao Paulo, 5.Р., Brasil 
Tel. (11) 259-3811 

Telex: (100) 32122 EMBN 


Faill989 267 


REQUEST FREE INFORMATION BY FAX 


Attention BYTE Readers!! Now you can fax your requests for free product and advertiser information 
featured in this issue. 


Just fax this page to 1-413-637-4343. You'll save time because your request for information will be pro- 
cessed as soon as your fax is received. 


Cinte the numbcra Chevk olf the answers to Print your name, ad- Remove this nage or 
below which correspond questions "A" through "С". dress, and Fax number copy this page clearly 

to the numbers assigned clearly on the form. and fax и ш the number 
lo advertisers and pro- above. 


| ducts that interest you. 
Fill oul this coupon carefully. PLEASE PRINT. 


252 253 254 

| 270 273 14 

Phone 292 203 294 
цин шшк 310 311 312 313 314 215 316 317 3186 319 
A. What is your level of management responsibility? 8% 331 232 333 3:4 39$ 0396 337 336 339 
ı Г] Senior-level Management 350 36) 352 353 354 355 356 357 358 358 
a Û Other Management ато 371 372 IM 374 375 376 3TT 378 379 
390 391 392 393 394 395 396 397 196 399 


3 L] Non-Management 


B. Wbat is your primary job function/princtpal area of 
responsibility? (Check one.) 

4 Г) Administration 

51) Accounting/Finance 

& Ll MIS/DP/Information Center 


414 415 416 417 415 419 


„> 
Ке 
cC» 
Je 
лий 
— 
UM 
E 
һм 
gm 
жой 
a 


BR 
58 
ё Ф 


$ 


7 Û Product Design and Development 510 51! 512 513 514 515 516 517 518 510 
& C] Research and Development 536 531 532 539 534 535 538 537 508 539 
53») 551 552 553 554 555 5556 557 558 559 


9 [] Manufacturing 
ı0 Û] Sales, Marketing 


570 571 572 573 574 575 578 577 578 579 


ıı Û Purchasing $90 594 
12 [2 Personnel 810 514 
i3 Û Education/Training ку би 
м Û Other: БЫ] 654 
C. Please Indicate your organization's primary business Е: E 


SRSESRESERSSSSESGRERERSESZE 
SBESERSSSERSSSREGSERERSRSE 
SSESTRSSLESSSSERSSRESERE 


activity: (Check one.) 
Computer-Related Businesses: 


15 C] Manufacturer (Hardware, Software} 728 29 730 ТЗ 734 795 790 737 798 T39 744 
is O Computer Retail Stores 143 746 749 750 ТЫЗ ТА 755 756 757 758 759 ТЫ 
i? £1 Consultants 763 786 769 TM) 7T) 174 T5 176 ТТ TT TF TWO 
i£ C Service Bureaw Planning 783 786 709 790 793 T94 795 796 797 758 799 BOD 
19 LJ] Distributor’ Wholesaler B03 806 6065 B10 811 812 Bia B14 815 816 817 818 В19 820 
20 О Systems House/Iniegrator/ VAR 823 826 Beg B30 631 832 833 G34 H35 635 Bag 
2i L1 Other: 842 Ban 949 В50 851 852 853 B54 855 856 Gg 
Non-Computer-Related Businesses: B6? 566 B69 870 H71 872 87) 874 675 B76 860 
22 C) Manufacturing 883 BBE 889 890 691 832 899 904 B95 896 909 
23 L] Finance, Insurance, Real Esiate 903 BOB 909 910 911 912 913 914 215 916 920 
24 O Retail/Wholesale 923 928 929 930 $12 93) 935 936 940 
25 [1 Education 943 46 949 950 052 953 855 956 950 
w Milly 953 368 969 970 971 972 975 gm 860 

9821 Bec 96g 9390 991 992 203 GU4 005 398 97 996 9991006 


28 СІ Professions (Law, Medicine, Engineering. Architecture) 
29 [J Consulting 

30 Û Other Business Services 

31 C] Transportation, Communications. Utilities 

3 Ll Other: 


П; already subscribe to BYTE. 


Г] Please send me one year of BYTE Magazine for $24.95 
and bill me, Offer valid in US. and possessions only. 


шы IBM SPECIAL ISSUE 1989 
ВИТЕ & 
Н 


1001 1002 1003 1004 1905 1008 1007 1008 1008 1010 1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 
1021 1022 1023 1024 1025 1026 1027 1028 1029 1030 1031 1032 1023 10:34 1035 1036 1037 1038 1039 1040 
1041 1042 1043 1044 1045 1046 1047 1045 1049 1050 1051 1052 1053 1054 1055 1056 1057 1058 1059 1060 
1061 1062 1063 1064 1065 1065 1087 1088 1069 1070 1071 1072 1073 1074 1075 1076 1077 1078 1079 1080 
1081 1082 1085 1064 1085 1086 1087 1088 1089 1090 1091 1092 1093 1094 1005 1096 1097 1090 1099 1100 
1101 1902 1103 1104 1105 1106 1107 1108 1109 1110 1111 1112 1113 1114 1115 1116 1117 1176 1119 1120 
1121 1122 1128 1124 1125 1128 1127 1128 1129 1130 1131 1132 1123 1124 1135 1136 1137 1138 1199. 1140 
1141 1142 1143 1144 1345 1148 T147 1148 1149 1150 1151 1152 1152 1154 1155 1158 1157 1158 1159 1160 
1181 1152 1163 1184 1165 1106 1167 1158 1189 1170 1171 1172 1173 1174 1175 078 1177 1175 1179 1150 
1181 1182 1183 1184 1185 1185 1187 1188 1169 1190 1191 1182 1193 1194 1195 1198 1197 1198 1199 1200 


IBM SPECIAL ISSUE 


THE STATUS OF 


PLICATIONS 


SOFTWARE: LATE 


BYTE *s software reviews editor offers his views 
on the widening gap between hardware and software 


f you've ever set out to 

accomplish a particular 
I task on your PC only to 
| find there was no soft- 

ware that could do it, 
you've experienced software іде. It’s а 
frustrating feeling—knowing that your 
computer is capable of doing what you 
need but is prevented from doing so by 
the lack of the right software. You've 
been cheated. The computer 
that once promised so much 
now has so little to offer. 

The root of the problem is 
forked. Neither IBM nor 
Microsoft has provided a 32- 
bit DOS-compatible operating 
system, and developers are 
still learning how to cope 
with many megabytes of data. 
As a result, the current crop 
of applications software often 
relies on brute force to get 
things done. 

Not everything, however, 
is bad in the software world. 
In fact, there is evidence that 
applications software is head- 
ed for a common user inter- 
face, and that WYSIWYG 
may become a way of life. 
And programs may even be 
getting smarter. 

Although you don't need a 
crystal ball to predict that new 
changes in software are com- 
ing, exactly what the changes 
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will be is less clear. But you can identif y 
some of the forces driving the changes. 
The one thing that is certain is that users 
know what they want. 


The Operating-System Bottleneck 

Of course, not all the fault for the soft- 
ware lag belongs to applications develop- 
ers. They're missing an operating system 
designed specifically for 80386-based 
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hardware. Although OS/2 happens to 
work on 80386 systems, it was not de- 
signed for them. It's a 16-bit operating 
system for 80286 machines. 

On the other hand, developers have yet 
to conquer OS/2. Even the grandest ap- 
plication of them all—Lotus 1-2-3 re- 
lease 3.0, which took years to produce— 
was designed for DOS 3.x. You'd be 
hard-pressed to walk into any computer 
store and find five OS/2 ap- 
plications sitting on the shelf. 
A lot of software companies 
talk about OS/2 applications, 
but few have actually pro- 
duced any. 

The reasons offered are 
many, but it all boils down to 
a matter of investment. While 
OS/2's complexities, such as 
multitasking and data shar- 
ing, ultimately offer more 
headroom for sophisticated 
programs, its learning curve 
for developers is more like a 
brick wall. 

Even the software giants 
such as Lotus, Ashton-Tate, 
and Microsoft, with their 
abundant resources, have ex- 
perienced setbacks. Just con- 
sider the long waits for 1-2-3 
release 3.0, dBASE IV, and a 
full-featured Windows word 
processor. And those are just 
DOS-based applications. The 
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point is that, even for these companies 
with their millions of R&D dollars, the 
number of tabor hours needed to develop 
sophisticated applications is gargantuan , 


Managing Megabytes 

To complicate matters further, increased 
Storage capacities have offered new op- 
portunities and challenges for applica- 
tions developers. While more storage 
would seem obviously better, not every- 
one is certain how best to use the hun- 
dreds of megabytes that optical drives 
provide. 

For now, publishers are using CD- 
ROMs to provide static reference materi- 
als. Notable examples are Grolier’s Elec- 
tronic Encyclopedia and Microsoft's 
Programmer's Library. But what most 
users really need is for their applications 
to manage dynamic archiving. 

Currently, when your hard disk be- 
comes neaily full, you have to remove 
your alder files. Maybe you archive them 
on floppy disks. If you do, chances are 
that you don't bother referring to those 
files again because it's too much trouble: 
You would have to fumble through all 
your archive disks, trying one and then 
another, to find a certain bit of informa- 
tion. You might even find it easier and 
faster to search through printed reports 
in a file cabinet. 

That's one of the ironies of today's ap- 
plications software. Although most of 
the modern world is convinced that you 
can do record keeping and manage things 
better on persona] computers, you still 
have to resort to a file cabinet and Penda- 
flex folders to see your old records. 


A бейет arrangement would be appli- 
cations software that really takes advan- 
tage of rcad/writc or WORM (writo 
once, read many times) optical disks. 
Such software would, on a regular basis, 
archive your old records and files on op- 
tical disks. More important, the applica- 
tion program would manage those ar- 
chives. It would continually update its 
indexes so that, say, five years from 
now, on a moment's notice, you could 
call up the spreadsheet for October 
1989's production costs. If you needed to 
change optical disks, the program would 
tell you which one to insert. 

Also, your application should be able 
to use that archived information. It 
should be able to correlate it with more 
recent information to generate compara- 
tive reports and to project the next year's 
performance. 

Unfortunately, that kind of software 
does not exist today, even though the 
hardware to bandle such tasks exists. The 
fact is, software for dealing with large 
amounts of on-line data is just emerging. 
Consider Lotus Magellan and Traveling 
Software's ViewLink, for example. 
They are the first major attempts to help 
you actively manage several megabytes 
of disparate information. Either will let 
you peer into data files on your hard disk 
and view the data in its native format. 
Both will also search your hard disk for 
the file or files containing specific infor- 
mation. 

But while Magellan and VitewLink 
work fine as utilities for managing 
what's currently on your hard disk, 
they're really no help at managing ar- 


LATE 


chives on floppy disks, Both would also 
fali short in handling a gigabytc or morc 
of data on optical disks. Even worse, 
both of thcsc programs create a whole 
new set of problems. Magcllan takes up 
valuable hard disk space with its index, 
and it needs to update the index frequent 

ly, sometimes taking several minutes to 
do that. And because ViewLink doesn't 
use an index, its searches can take a long 
time if you're working with a large disk 
with lots of data. Equally as bad, there 
are no Magellan or ViewLink equiva- 
lents for Windows or Presentation Man- 
ager (PM). 


Calling on Brute Force 
Also considerable is the muscle needed 
to run the current crop of software. Most 
of us have traded in our 8088-based sys- 
tems for 80286s, and many have already 
traded their 80286 systems for 803865. 
We do this to get merely adequate pertor- 
mance, while none of the software really 
takes advantage of the 80286 or 80386 
architectures, Even worse, as we move 
up to systems that are more powerful 
than were thought possible just a few 
years apo, we still find ourselves wait- 
ing: waiting for AutoCAD to regenerate a 
complex drawing; waiting for | -2-3 to re- 
calculate a large spreadsheet; and wait- 
ing for Lotus Agenda to stop fiddling 
with the heads on the hard disk drive. 
Agenda is a good example of the prob- 
lem. Like other high-powered applica- 
tions, Agenda is sophisticated and com- 
plex, and it demands an extraordinary 
amount of computing muscle. Yet aside 
from the brute force that it commands, it 
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doesn’t really take advantage of the fea- 
tures that 32-bit hardware offers. 

Just to use Agenda, you have to devote 
a lot of time to learning it. In return, it 
organizes information like no other soft- 
ware—making lists and doing mundane 
chores for you automatically. It does so 
much that, in its relentless scans of your 
data looking for something it should do, 
you're left with a computer that responds 
with all the speed of a snail. 

So here we are, using high-powered 
80386-based systems (and probably 
80486 systems, soon) to run applications 
that were designed years ago and written 
for 8088-based systems. Software devel- 
opers for the PC have been somewhat 
ambivalent toward OS/2 (and toward 
Unix, for that matter), and they've been 
less than eager to commit to using the 
Micro Channel architecture. Rather than 
write applications software directly for 
these high-powered systems, developers 
have instead sought to extend DOS, “en- 
hance” memory, and employ various 
other tricks. 

But users expect more, and, in fact, 
they need more. They need programs 
that can manage several tasks at once so 
that they don't have to. They need pro- 
grams that can work without conflict in a 
heterogeneous environment of applica- 
tions. And they need software that can 
work with other software, sharing infor- 
mation and files. 


The Common Interface 

Applications are making progress in the 
area of user interfaces, however. Call it 
Mac envy, if you like—PC users liked 
what they saw on Apple's Macintosh. 
The Macintosh's graphical interface 
with pull-down menus was exactly what 
the corporate world had been looking 
for: an easy-to-learn system. For busi- 
nesses, the time and expense for training 
people to use PCs has soared with no 
ceiling in sight. 

None of this is news, really. It's just 
that the Mac proved long ago thal per- 
sonal computers could be made easier to 
learn and use. But in those early days of 
the Mac, there was no such interface for 
the IBM PC. Turning to the next best 
thing, the corporate world embraced 
simple menuing software that simply 
worked as a DOS shell to launch other 
applications. Programs such as Magee 
Enterprises’ AutoMenu filled a void left 
by the software giants. 

Meanwhile, virtually every applica- 
tion began to take on parts of the Mac in- 
terface. In many cases, developers sim- 
ply added menus. Unlike the Mac, 
however, the PC had no standards for 


menu styles. So some programs imutated 
1-2-3's menu format. calling it a dc facto 
standard. Others went further amd pro- 
vided pull-down or pop-up menus. Ap- 
plications becamc casicr to usc, but for 
the most part, thcy werc all different. 

Then came Digital Rescarch’s ОСМ 
and Microsoft's Windows. After several 
years, it appears Windows has gained a 
tochold in the PC market. Corporate 
buyers wanted PM for OS/2, but until it 
became available they saw Windows as a 
logical stepping-stone. The attraction 
was that businesses could develop their 
in-house applications on Windows today 
and later adapt them to PM for OS/2. 

Now, that corporate strategy is begin- 
ning to pay dividends to individual users. 
Because of the significant number of sys- 
tems running Windows in the corporate 
environment, developing applications for 
Windows is more attractive to develop- 
ers. Granted, the number of Windows 
programs so far is small, but the group 
includes some really heavy hitters, such 
as Aldus PageMaker, Micrografx De- 
signer, Samna Ami Professional, and 
Microsoft Excel. 

While the number of Windows pro- 
grams is growing, it's not by leaps and 
bounds. Although the user interface 
issue has been all but resolved, applica- 
tions developers, worried about the flu- 
idity of the software market, have been 
riding the fence between developing for 
Windows and developing for OS/2. From 
their point of view, developing for both 
simultaneously isn't practical. They 
need to get their software products to 
market as quickly as possible to compete, 
and tbey need to concentrate their ef- 
forts; they can't afford to have half a de- 
velopment team working in OS/2 and the 
other half in Windows. 

You might say that developers have 
learned a lot from Lotus's experiences in 
trying to develop its 1-2-3 for a multitude 
of platforms. The resulting delays have 
cost that company more than just a little 
overtime: Lotus also suffered a loss of 
credibility, which was reflected in the 
stock market. 

It all comes down to this: Today's ap- 
plications software for the PC is only 
inches away from a common user inter- 
face. Although it seems inevitable that in 
time that goal will be reached, it may not 
happen as quickly as users would like. 


Going in the Right Direction 

In other areas, applications developers 

have made more headway. Consider the 

WYSIWYG phenomenon. Page-layout 

systems such as Aldus PageMaker and 
continued 
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THE STATUS OF APPLICATIONS SOFTWARE: LATE 


ecause of 
the significant number of systems 
running Windows in the 
corporate environment, developing 
applications for Windows 
is more attractive to developers. 


Xerox's Ventura Publisher have been the 
catalysts. Although WYSIWYG on a PC 
had been possible before, for many peo- 
ple those were the pioneering programs. 
As page-layout programs, PageMaker's 
and Ventura Publisher's existence de- 
pended on WYSIWYG. 

Other applications have followed suit. 
In fact, a whole subgenre of software— 
presentation graphics—faces near ex- 
tinction merely because word proces- 
sors, spreadsheets, and other applica- 
tions have incorporated WYSIWYG 
presentation features. 

It's really no wonder. After all, pre- 
sentation counts for a lot in today's soci- 
ety. People give presentations to sell both 
goods and ideas. Strangely, though, 
many word processor developers try to 
skirt around the WYSIWYG issue, say- 
ing that users don't actually need 
WYSIW YG during the writing process 
and that users only need to see mono- 
spaced characters as they create text. 
Their argument is that you can go back 
later and make the whole thing look the 
way you want it to. 

In truth, that argument is just smoke to 
bide the fact that most word processing 
software is simply too slow to work in 
WYSIWYG mode as you type. That's 
partly the fault of developers overbur- 
dening their products with a list of fea- 
tures so long that no one can remember or 
use them all. Each of those features 
steals precious memory and execution 
speed from the application. So, you end 
up with a word processor that can do 
many things you'll likely never ask it to 
do but cannot show you how your printed 
page will look—that is, of course, unless 
you exit the edit mode and enter the 
graphics mode to view your work, and 
then exit the graphics mode and enter the 
edit mode to continue writing. How silly 
the whole process is—to treat one com- 
puter as if it were two machines, one for 
writing and the other for layout. 

There is, however, at least one notable 
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exception. Samna's Ami lets you write 
and edit in WYSIWYG modc. It's also 
the first real word processor for Micro- 
soft Windows. Others will certainly fol- 
low, and among them will be an offering 
from Microsoft itself as well as an en- 
hanced version of Ami (Ami Profession- 
al). Another similar program, Len- 
nane's DeScribe Word Publisher, is 
under development for OS/2 PM. 


Advancements in 

Number Crunching 

Another area of software that’s been 
moving forward is number crunching. 
Spreadsheet applications have matured 
somewhat, and users have recently wit- 
nessed the emergence of a whole new 
generation of spreadsheet software. Gen- 
erally, the most significant improvement 
is the three-dimensiona] worksheet, 
which lets you work on several worksheet 
pages at once. More and more of the 
major spreadsheet programs are offering 
that feature. 

However, only one relatively new 
spreadsheet, FormalSoft's ProQube, 
provides true 3-D manipulation. Instead 
of simply letting you calculate separate 
pages, ProQube also lets you view your 
spreadsheet data from any aspect— front- 
to-back, side-to-side, or top-io-bottom. 
Imagine, for example, that you have a 
worksheet page for each month of the 
year, and that it calculates vour profit or 
loss. Each of those pages would use the 
same template, and if you stacked one on 
top of another, you would have a "cube" 
(actually a block) of spreadshect cells. 
Viewed from the front of this imaginary 
Cube, each layer of cells would represent 
а particular month. 

Any so-called 3-D spreadsheet can 
bandle that task. But with ProQube, you 
can rotate the imaginary cube of data to 
view, say, the net profit from each month 
of the year. Or, from another angle, you 
might view the net profit for the month of 
May for each of the last five years. 
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Admittedly, with a little time, you 
could program formulas in any other 
Spreadshect to accomplish the same 
tasks. But the conceptual difference is 
quantum. ProQube lets you play “what- 
if" in a new way—one that requires less 
work on the part of the user. ProQube is а 
real alicmpt at handling human perspec- 
t1ves of spreadsheet data. 

But spreadsheets are not the only ap- 
plication area where number crunching 
is being pushed. Another, perhaps less 
obvious, application is CAD. A sophisti- 
cated CAD package typically places 
more demands on a computer’s mathe- 
matical abilities than any statistical anal- 
ysis or equation solver package. 

While 2-D drafting products, notably 
AutoCAD and others like it, have been 
around for some time, only recently have 
solid modeling packages become avail- 
able. The difference is that the latter lets 
you construct objects with blocks, cones, 
spheres, and cylinders. 

Let's say, for example, that you need 
to draw a hole for a vertical vent pipe that 
goes through the roof of a house. That's 
not as simple as it might sound. Because 
the roof is slanted and, therefore, the 
pipe 18 not perpendicular to the roof's 
planc, the hole is not a perfect circle. 
And trying to calculate the precise shape 
and size of the elliptical hole is pot triv- 
ial. That's where solid modeling comes 
in. Instead of drawing a hole, you create 
a cylinder the size of the vent pipe and 
then simply place it through the slanted 
roof. Then, through what's called geo- 
metric subtraction, the solid modeling 
program can erase the cylinder (and 
everything that was in its way), leaving a 
perfectly shaped ellipse. 

From the user's view, it's ail quite 
simple, and it simply makes sense. Un- 
derneath it all, however, an awful lot of 
computations are made. For now, you 
can only find solid modeling systems at 
the high end of the CAD spectrum. But 
in time the technology will likely sift 
down to applications such as graphics de- 


sign packages. 


Future Applications 
Understanding where we are in applica- 
tions Software is, of course, only a pre- 
lude to knowing where we're going. In 
time, developers will overcome the ob- 
stacles of the hardware-software gap and 
the operating-systems bottleneck and 
will adhere uniformly to a graphical user 
interface, The resulting applications 
software will no doubt reflect the trade- 
offs and compromises that are made to 
achieve those goals. 

In addition. market-based external in- 


fluences will affect applications soft- 
ware, but they may not be whal you 
think. What will greatly affect U.S. ap- 
plications software development is the 
foreign uarket—in particular, the iong- 
awaited Europcan community market. 

The European market after 1992 will 
cause two major changes. The first that 
users Will probably sce will be created by 
the vast new opportunities for U.S. soft- 
ware firms to sell their products in Eu- 
rope. Although software developers will 
face the problem of writing programs for 
many languages (in fact, many already 
do), they will also begin to produce ap- 
plications that have more "global" char- 
acteristics. 

Until now, most software written in 
the U.S, has been specifically tailored 
for U.S. tastes. It directly reflected feed- 
back from U.S. users and their work hab- 
its and concepts. But as the European 
market becomes more important to U.S, 
software developers, it stands fo reason 
that future applications software will re- 
flect the needs of European users, too. 

The change will probably be subtle. 
Since users may all be introduced to new 
and sometimes better ways of accom- 
plishing their tasks, eventually much 
good will probably come of this gradual 
change. On the downside, there is a risk 
that developers will tend to overburden 
programs with even more features, 

The second change caused by the new 
European market may come about more 
slowly, but it could be much more signif- 
icant than the first. That change will be 
the emergence of large European-based 
software development houses. In fact, 
European-based companies will be the 
first to benefit from the new trade regu- 
lations there. Small but established soft- 
ware companies will suddenly have eas- 
ter access to a much wider market—one 
that’s based in their own backyard. That 
opportunity will inevitably lead to 
growth in European-based software 
companies, and that growth will thrust 
them into a strong position for entering 
and succeeding in the U.S. market. It 
could be that the next Lotus- or Micro- 
soft-like software giant will be one that's 
based in Europe. 

Then there is another external influ- 
encé to consider: the USSR. So far, the 
only software to come from the USSR is а 
game, Tetris, but that may soon change; 
in fact, one U.S.-based company is al- 
ready planning to introduce an expert 
system that was developed in the USSR. 
With trade restrictions lifted for export- 
ing 80286-based computers to the So- 
viets, along with the Soviet desire to 

continued 
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become a leader in world trade, you can 
expect to see more Soviet-based applica- 
tions in the future. The first Soviet soft- 
ware will probably be Americanized ap- 
plications based on Soviet-developed 
software engines. Such is the case with 
the soon-to-be-released expert system. 
The U.S. company is taking a Soviet-de- 
veloped expert-system engine and adding 
a practical application interface for fi- 
nancial modeling. 

The real wild card, however, is Japan. 
So far, largely because of cultural differ- 
ences, Japan has found the American 
software market impenetrable. It’s not 
that Japan isn’t trying, though. The Japa- 
nese microcomputer industry is working 
on a new universal operating system, 
called TRON, and a new system of dis- 
tributing software electronically—via 
phone, radio, and even vending ma- 
chines. If either effort materializes, Jap- 
anese software companies will find 
themselves in an enviable position that 
could allow them to dominate the appli- 
cations market. Their plan is grandiose 
and perhaps unattainable. But given 
Japan's past successes in identifying, 
penetrating, and ultimately controlling 
world technology markets, the possibil- 
ity of continued success is very strong. 


What the World Needs Now 

Aside from those external market forces, 
just where should applications software 
be headed? In a nutshell, applications 
need to bc smarter and easier to use. You 
should not have change your way of 
thinking and conform to the way a par- 
ticular application program does thíngs. 
Tasks that are obvious should be done 


| automatically. And the user interface 


should allow instinctive choices. 

We need to see more programs like 
Lotus Agenda that are smart enough to 
do things automatically. Agenda is near- 
ly miraculous in the way it can take free- 


| form information and automatically cat- 


egorize it; independently create project 
Teports, to-do lists, and tickler files; and 
make associations between otherwise 
differing subjects. In those respects, 
Agenda comes the closest yet to imitating 
а top-notch personal 

But for all its glory, Agenda is slow, 
and learning to use it is slower. In fact, 
one piece of Agenda folklore claims that 
White House Chief of Staff John Sununu, 
a personal computer enthusiast himself, 
considered Agenda for the Bush transi- 
tion team. But the learning curve was so 
steep, and time for the transition team 
was so short, that Agenda was discarded 
in favor of another, simpler program. 

We need more programs like Business 
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Forecast Systems' Forecast Pro, a statis- 
tical forecaster that brings sophisticated 
mathematical formulas within reach of 
nonstatisticians. Forecast Pro has its own 
expert system that analyzes your data 
and then applies an appropriate forecast 
model. Before Forecast Pro, it took a 
real expert—someone with a degree in 
statistics—to choose and run the correct 
mathematical model just to project a 
company’s business income. 

We need more programs like ProQube 
that let us view our numerical data in 
ways that make sense to us, not just to our 
computers. Likewise, we need CAD and 
graphics design software that take advan- 
tage of solid modeling. Moreover, we 
need solid modeling software that allows 
the objects we create to have real-world 
characteristics. That way, wben we de- 
sign something, we can test its strength 
and function in the real world without re- 
sorting to a separate analysis program. 

We also need applications that inte- 
grate other applications. Forget the 
dream of all-in-one applications for word 
processing, database management, 
spreadsheets, and so forth. Those inte- 
grated packages are nothing more than 
modern-day jacks-of-all-trades in a 
world of specialization. It's just plain 
smarter to buy separate programs that 
precisely fit your needs. What we really 
need is a new breed of software that can 
oversee a]] those separate applications: a 
kind of intelligent shell that watches over 
your work, learning your routines. 

Let's say that every month you extract 
the sales data from your inventory system 
and import that into your forecaster to 
project next month's sales; then you im- 
port those projections into a spreadsheet 
to do your financial planning; and then 
you generate a report with your word 
processor to reflect the outcome. An in- 
telligent shell would recognize the pat- 
tern and do the tasks for you at precisely 
the same time every month. When such 
intelligent software finally exists, all 
you will have to do is remember to leave 
the computer turned on. 

The sad thing is that the personal com- 
puters that we have today, particularly 
the 80386-generation systems, can han- 
dle the job. But our present-day applica- 
tions software, spawned by the 8083- 
based generation, is generations behind, 
and newer and better hardware is on the 
way. The unfortunate truth is that we 
cannot escape the generation gap. M 


Dennis Allen is a senior technical editor 
for BYTE. He coordinates reviews of ap- 
plications software. You can reach him 
on BIX as “dallen.” 
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No matter how well acquainted you are 
with making important personal 
computing decisions—decisions thal may 
involve hundreds of thousands of 
dollars—the value of those decisions is 
only as good as the value of your 
information. Without quality 


information—it's hard to make quality 
decisions. 


BYTEweek, MeGraw-Hill's new weekly 
newsletter for professionals in the 
personal computer industry, is devoted to 
giving you that quality information 
through its timely and compact one-stop 
news format. 


This new publication provides you with 
short, easy-to-read selections of the most 
imporiant news and technological 
developments of the past week. And 
BYTEwcck interprets this news with in- 
depth commentary and analysis. 


Subseribe to DYTEweek for quality 
information. Remember, quality 
in.. quality out. 


Subscribe now and take advantage 
of the special one-year charter 
subscription rate of $395 ($495 
outside the U.S. and Canada). This 
special price represents a swings of 
$100 off the regular rate. Your 
subscription includes 50 issues plus a 
free three-month subscription to 
BIX—a $49 value. Through BIX you 

can directly access the Microbytes 
Daily news service and communicate 
with other BIX users. 

Dont miss this opportunity! In the 
U.S., call BYTEweek's toll-free number: 
1-800-258-5485, іп N.H. and outside 
the U.S., call: 1-603-924-9281. 


BY TEweek offers a money-back guarantee if you're 
not complelely satisfied. 
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THE WAGES OF SIN 


What price has the IBM PC world paid 
for its compatibility? 


ntel has released the 80486. A fine 

piece of work, it manages to put a 

complete 80386 system—80386 

processor, 80387 FPU, cache, 
memory management unit, and so on— 
onto a single chip. And not only that, but 
to substantially improve the perfor- 
mance of the various bits, the 80486 
takes fewer clock cycles than the 80386 
to do the most frequent instructions. At 
constant clock rates, the 80486 is faster. 
The 80486 version of the 80387 is quick- 
er than the real 80387, too. Not to men- 
tion that you get an 8K-byte cache (one- 
eighth the main memory of most early 
PCs) on-chip. 

It is сіеаг that the decision to make the 
80486 an integrated 80386 system was 
not made by accident. It does nice things 
for users; it offers higher performance, a 
lower chip count, floating-point, lower 
power, and higher reliability. And all the 
4.77-МН2 8088 software designed for 
64K-byte machines will stil] work. 

The 80486 does nice things for Intel, 
too—the company doesn’t need to worry 
about losing a slice of business to 80387 
copiers (the math chip is built in), other 
cache controller vendors (ditto), or 
80486 cloners (since copying the whole 
CPU is a serious undertaking). 

The 80486 is a goody to vendors of 
high-end machines, as well; ail they 
need to do is take a well-designed 32-bit 
80386 system, make a few (if any) 
changes to the design, and stick an 80486 
into it. The result is a powerful new com- 
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puter with an established software base, 
and the whole thing costs no more (and 
perhaps less) to make than an 80386. 
Moreover, it can attract a much higher 
price by virtue of its 80486-ness and 
higher performance. Everybody wins, 
right? 

Well, no, they don't. The big losers 
are the users who buy the machine—be- 
cause they have always believed the story 
about maintaining their "investment" in 
software. They have always fought for 
(and bought) a new machine that runs 
their old floppy disks, unchanged. As a 
result, they have bought themselves the 
dead weight of decade-old technology. 
The 80486 involves a fair amount of cir- 
cuitry; how much of it is there simply to 
make the beast 8088-compatible, we can 
only guess. But we do know that when 
other companies have made machines— 
or microprocessors—that didn't have to 
be 8088-compatible, they produced de- 
signs that used many fewer transistors to 
go much faster. INMOS's T400 family 
uses about as many transistors as an 8086 
but keeps pace with an 80386. Sun's 
SPARC architecture (in its various 
guises) and MIPS's R2000/R3000 pro- 
cessors use more transistors than an 
80386 for much higher performance. 
And now, the 80486 isn't even the fastest 
machine that Intel produces. 

Indeed, the 80486 is the slowest of the 
three high-performance introductions 
this year. The most prominent of these 
was the 860, which, despite being gross- 
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ly overhyped by the rumor mill (and, 
possibly, by Intel’s marketing) is easily 
twice as fast—and perhaps three times as 
fast—as the 80486, And the new member 
of the 960 family, which tries to execute 
three instructions per clock cycle under 
reasonable conditions, is much faster 
than the 80486. 

Yes, ІВМ PC/MS-DOS fans, your ad- 
diction to the past has cost you a drop in 
performance of 50 percent or more. if 
you had been happy to eschew the past 
when better machines turned up, you 
wouldn't have encouraged the software 
vendors to live in the past. Then, per- 
haps, they would have decided that there 
was real money to be made in portable 
software. Manufacturers might have 
created operating systems that added new 
and useful facilities (such as praphics) 
but that were simple and clean enough 
not to be bound to just one proprietary 
piece of hardware. (Of course, too much 
silliness in the operating-systern spec 
would have been ignored by the software 
vendors.) Then you could have bought 
this year's smart new machine with the 
assurance that your old software could be 
upgraded to the new machine for a nomi- 
nal fee, and we'd all have much nicer, 
faster—and probably cheaper—com- 
puters than we do. B 


Pete Wilson is a senior engineer at 
Prisma, Inc. (Colorado Springs, СО). 
He previously worked on the design team 
for the INMOS transputer. 
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The World's Most Popular 
Transputer Development System 


Since 1986, the MicroWay Monoputer has 
become the favorite transputer develop- 
ment system, with thousands in use world- 
wide. Monopuler/2 extends the original 
design from 2 to 16 megabytes and adds 
an enhanced DMA powered interface. The 
board can be used to develop code for 
transputer networks or can be linked with other 
Monoputers or Quadputers to build a transputer 1 
network. It can be powered by a 20 or 25 MHz b 
T800 and is priced from $1295. © 
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Ada. We also stock NAG libraries for the T800 and ParaSot's 
debugger, profiler. and Express Operating Environment A single 
T800 node costs $2,000, yet has the power of a $10,000 386/1167 
system. isn't it time you considered porting your Fortran or C 
application to the transputer? Its easier than you think! 

please call MicroWay's Technical Support 


For turther information, 
staff at (508) 746-7341. 
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Mainframe Power For Your PC 


pee Quadputer is the most versatile 
liple transpuler board on the market 

"loday Each processor can have 1, 4 or 
ann B megabytes of local memory. In 
sgg LORS addition, two or more Quadputers can 
be linked to build large systems. One 
MicroWay customer reduced an 8 hour 
maintrame analysis to 15 minutes with five Quadputers, giving 


him realtime control of his business. Quadputer is priced from $1995. 


COSMOS "/M 
Finite Element Analysis Running on the Quadputer 


One of the most fruitful areas for parallel processing is finite element 
analysis. Problems which can be broken into small pieces run 
naturally on systems built up of many processors. COSMOS/M 
running on a Quadputer took just 300 seconds to solve a problem which 
гап in 12,000 seconds on an AT. Even very large maintrame problems 
run fast on the Quadputer: a system with 12,000 degrees of freedom 
took just 806 seconds while another that had 23,000 DOF - in PPS 
40 minutes. Contact MicroWay for information on COSMOS/M 


World Leader in PC Numerics 


Corporate Headquarters: P.O. Box 79, Kingston, MA 02364 USA (508) 746-7341 


32 High St, Kingston-Upon- Thames, U.K., 01-541-5466 


USA FAX 508-746-4678 italy 02-74.90.749 Holland 40 836455 Germany 069- 75-2023 
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